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GENERAL 

The primary business objective of 
VLSI Technology, Inc., (VLSI) is to 
provide systems designers with total 
application-specific integrated circuit 
(ASIC) solutions. To accomplish this, 
it has created a unique blend of 
expert design tools, leading-edge 
process technologies, state-of-the-art 
fabrication facilities, and a wide 
range of products, including a variety 
of ‘‘catalog”’ devices. 


The Application Specific Logic 
Products Division of VLSI Tech- 
nology is responsible for the 
manufacture and marketing of a 
diverse logic-based product line that 
encompasses both innovative and 
proven, well-established catalog 
devices. This line includes micro- 
processors and coprocessors, 
peripheral circuits, digital signal 
processing devices, and products for 
data communications and tele- 
communications applications. 


Unlike other suppliers of such 
devices, however, VLSI is also a 
recognized leader in ASICs. As 
such, it not only possesses the 
design, process, and fabrication 
Capabilities necessary to produce the 
highest-quality off-the-shelf com- 
ponents, but is also able to treat its 
logic products as an integral part of 
a complete solution. One of the 
primary vehicles for accomplishing 
this is the megacell; the functions 
represented by individual devices 
can be implemented as megacells in 
VLSI’s software libraries and used 


for semicustom circuit design, and 
functions developed as megacells for 
specific applications can be turned 
into catalog products. 


MEGACELLS 

The megacell is a relatively new 
concept in the world of IC and system 
design. As such ASIC companies as 
VLSI Technology offer better tools for 
IC design, simulation, and testing, it 
becomes necessary for systems 
manufacturers to design custom ICs 
to keep up with their competition. 
Megaceils help decrease design time 
by providing large building blocks 
that are equivalents of standard, 
off-the-shelf products. By using 
megacells and VLSI’s design tools, 
manufacturers can have a custom IC 
design capability without all of the 
normal custom development costs. 


The VLSI Technology family of 
megacells represents commonly 
used peripherals that are good 
candidates for integration as parts of 
customer-driven designs, which can 
be either customer-specific or 
market-specific. In customer-specific 
designs, it is possible, for example, to 
combine these integration elements 
with other megacells and logic to 
become single-chip equivalents of 
computer systems that are already in 
production. This increased level of 
integration provides cost and space 
reductions that can keep the system 
designs competitive. In a market- 
specific design, upward-compatible 
enhancements that meet the needs 
of many customers can be added 
and the device offered as a new 
standard product. 
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VLSI’s megacells are designed to 
have a fixed height and variable 
widths, offering the best trade-off 
between unusable internal space 
and placement ease. As shown in 
Figure 1, they can be configured to 
make a very dense final design 
with a minimum of wasted silicon 
real estate. 


Of equal importance with the physical 
layout format of the cells is the 
structure of the interconnect bus. 
This bus must be generic enough to 
allow a wide variety of functions to 
be connected uniformly and effi- 
ciently, and must be fast enough to 
not itself become a limiting factor as 
system performance increases. 


The internal structure of the bus 
created by VLSI for use with its 
megacelis contains an m-bit data 
bus and an n-bit address bus, both 
of which are expandable in width to 
accommodate changes in system 
requirements. The bus operates 
synchronously at a rate of 3 million 
transfers a second, which is equiv- 
alent to the performance of a 

10 MHz 8086 or a 12 MHz 68000 
microprocessor. The bus definition 
allows for internal access times of 
50 ns and cycle times in the 200 ns 
range. With standard pad drivers, 
external loads can be driven while 
supporting a 3 MHz bus frequency; 
faster speeds can be obtained by 
using faster pad drivers. To create a 
standard product from a megacell, 
an interface circuit is incorporated | 
that exactly matches the slower 
timing of the external bus to the 
internal bus. 


FIGURE 1. VLSI TECHNOLOGY MEGACELLS ARE ALL OF A FIXED HEIGHT, WITH VARIABLE WIDTHS. 
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MEGACELL-BASED 

DESIGN RATIONALE 

There are many reasons why mega- 
cells make sense for new designs, 
including reduced board space, 
lower power, increased reliability and 
reduced design times. 


Typical applications that can benefit 
from the use of megacells are those 
that contain three or four LSI com- 
ponents and a handful of “‘glue”’ 
components. All of these components 
can be combined into a single 
component if the functions can be 
partitioned into logical groups with a 
reasonable number of I/O pins. In 
this type of application, the total 

pin count might be reduced from 
300 pins for a discrete solution to 
less than 100 pins, and the circuit 
board area reduced from approxi- 
mately 20 square inches to 2 square 
inches. gee 


The power consumption of megacell 
designs can be very smallin . 
comparison with the HMOS designs 
they replace, since all of the VLSI 
Technology megacell family is imple- 
mented in high-speed, low-power, 
2-micron CMOS. technology. In addi- 
tion, because several functions can 
be put on one piece of silicon, the 
interconnect capacitance and 
inductances are minimized, thereby 
reducing the power to a fraction 

of what was needed in previous - 
designs. | 


The reliability of a megacell-based 
design is typically better than the 
collection of discrete components it 
replaces because there are fewer 
pins, fewer bonding wires and lower 
total power consumption. In most 
systems, the largest contributor to 
reliability problems is IC pin connec- 
tions, with such other factors as die 
temperature and die size being 
secondary. The more functional 
blocks that can be combined ona 
single piece of silicon, the fewer the 
number of interconnections that have 
to be bonded to package pins, 
resulting in higher overall reliability of 
the component and system using it. 


Since megaceils can be used as 
high-level building blocks, overall 
design times can be reduced signifi- 


cantly by taking existing designs 
using standard products and inte- 


- grating additional support logic — 


directly onto the chip. An example of 
this technique would be the integra- 
tion of a VL68C45 CRT controller 
with a memory interface and video 


_ shift registers to form a single-chip 


video adapter. An additional option 
might be to include character ROMs 
or RAM arrays, although the addition 
of these commodity components is 
not always cost-effective. 


CURRENT FAMILY 

OF MEGACELLS 

Megacells are designed by very 
carefully studying the data sheets 
and systems implementations of the 
Original part vendors, but an 
important part of validating a 
megacell design is to subject it to 
many different hardware and soft- 
ware environments. Only after a part 
has been tested in several applica- 
tions can a vendor feel confident that 
the megacell exactly emulates the 
original function, including all of the 
undocumented ‘‘features.’’ The VLSI 
Technology philosophy is to offer 
members of the megacell family as 
standard products as well as cells 
so that this validation can take place 


very quickly after the introduction of | 


the standard product. Since cus- 
tomer-specific design times typically 
take from 2 to 4 months, megacell 
designs can be started before the 
standard product validation has 
been done. This lead time allows 
customers to get a head start 
introducing designs. 


DESIGNING A CIRCUIT 

USING MEGACELLS 

The design process is started by 
using a megacell schematic “‘icon’”’ 
as part of the schematic entry of the 
user’s design. Provided with the 
megacell icon is a data sheet 
detailing the internal timing require- 
ments of the megacell. The designer 
works from this data sheet as if. 
using an off-the-shelf standard 
product, except that the logic and 
timing of the bus are somewhat 
easiertouse. | | 


USING VLSlItest DURING 

THE DESIGN PHASE 

When the schematic entry of the 
design is complete, the designer 
uses a test language assistance 
program (VLSltest) to capture a set 
of simulation vectors that can be 
used to test the design after silicon 
has arrived. Once the designer is 
satisfied that the vector set is suffi- 
cient to cover all possible stuck 
faults, a final test program can be 
compiled through this program. The 
output from this program is a test 
program containing SETF state- 
ments that can be easily moved onto 
an industry-standard tester, such as 
a Sentry tester system. 


ADDITIONAL LOGIC FOR 

TEST SIMPLIFICATION 

In all cases, some additional logic 
will be necessary to facilitate testing 
the megacells. This additional logic 
consists of multiplexers on pins to 
allow all of the connections of the 
megacell to be accessed from the 
periphery of the circuit. This dictates 
that all designs be contained in 
packages having at least as many 
pins as the most pin-intensive 
megacell used internally. To enable 
the test mode, an illegal condition on 
the interface is often used, such as 
Read Strobe and Write Strobe being 
asserted together while the chip is 
selected. This would normally never 
occur in an application, so it is a 
safe combination to use. When 
enabled, the I/O pads of a specific 
megacell are connected to the I/O 
pins of the component, and the stan- 
dard product test program run to 
verify the functionality of the core. 


USING VLSitest SOFTWARE TO 
HELP CREATE TEST PROGRAMS 


_ VLSitest is a software package that 


eliminates the need for the design 
engineer to be an expert in testers 
and testing. The designer works in a 
test language called VLSI Test 
Language (VTL), which allows simul- 
taneous development of the circuit 
design and test program, providing 
notification early in the design 
stages of when tester-specific details 
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affect the testability of the design. 
Through the test language, designers 
can create a file describing the 
physical characteristics, timing, 
stimulus patterns and expected 
responses of a circuit under devel- 
opment (Figure 2). The remaining 
software translates the description 
into commands that run the simula- 
tion, verify the expected response, 
and store requested reponse values 
predicted from a simulator. Finally, 
VLSltest generates a complete test 
program that includes all specifica- 
tions for the timing generators, 
strobes, and registers, all pattern- 

- loading, requested dc parametric 
and summary test routines, and the 
test vectors needed to test the circuit 
functionality. 


Besides identifying tester limitations 
associated with the test program, the 
software suggests ways to work 
around them. In that way, design 
engineers can become familiar with 
tester limitations and make the opti- 


mum design-vs.-testing trade-off. 
When the testability of a circuit 
becomes a problem, the design 
engineer can add additional circuitry 
to help out. Common practice is to 
break up long counter strings to 
reduce the number of states required 
to exercise each individual stage. 


The test vectors generated by the 
software have a one-to-one corre- 
spondence with the vectors used 
during the simulation, so the 
information normally lost during post- 
processing is retained. Another 
benefit is that, since a tester is 

not needed to develop the test 
program and initially debug it, the test 
system is available for production 
time and work can be done during 
normal hours. 


To interface with specific testers, the 
software needs routines that contain 
tester-specific information. These 
routines also identify portions of the 
test or simulation language descrip- 
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tion that can not be executed by the 
tester, simplifying the task of making 
portable test software. Interface 
routines are currently written in 
Xidak’s Mainsail language for both 
VLSI’s simulator and the Sentry 
Series 7, 10 and 20 testers. 


When defining an IC, designers can 
define the stimuli and the expected 
responses ihrougn the test 
language, creating modules that 
describe aspects of the circuit’s 
functions or dc test conditions. The 
resulting circuit description, which is 
independent of tester or simulator 
characteristics, is combined with the 
tester-specific and simulator-specific 
routines. Since the circuit description 
contains a complete set of opera- 
tional parameters, all information 
necessary to create a data sheet is 
present. Since that information 
actually drives the simulator and 
develops the test program, it always 
remains up-to-date. 


FIGURE 2. THE STRUCTURE OF THE VLSI TECHNOLOGY TEST LANGUAGE MAKES TEST PROGRAM GENERATION SIMPLE 


AND STRAIGHT-FORWARD. 
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DEFINING THE TEST 
PROGRAM FLOW 

Several types of software modules 
are required to create a complete 
test description. Designers use the 
first module, MAIN, both to describe 
the overall flow of the test and to — 
initialize. the test software for exe- 
cution. The contents of the MAIN 
module declare the duration of a 
test, select the required parameter 
modules, and specify their order of 
execution. The MAIN module parti- 
tions the testing into a number of 
steps that can be easily understood 
from a high level. 


The DURATION statement deter- 
mines the length of the tester cycle, 
and normal-time selects the timing | 
parameter module of that name. The 
WRITE commands place remarks in 
the test program file for documenta- 
tion purposes. | 


The physical characteristics of the Ic 
are defined through the pin definition 
(PINDEF) module, which contains a 
declaration of the number of circuit 
pins and statements that the test 
software uses to identify pins during 
testing. Those pin-definition state- 
ments also define pin type (input, 
output, bidirectional, power, etc.). In 
addition, the module may define the 
device type and state whether it is 
static or dynamic. Labels for each 
element of the pin list can specify 
such pin types as input, output, 
bidirectional, power, ground, three- 
state, open-drain, open-source, or 
no-connection. 


Minimum, nominal, and maximum 
timing parameters are defined in the 
TIMEPARAM module. Designers can 
test the circuit under different timing 
conditions by defining multiple 
modules and assigning each module 
its own identifier. 


An additional module, EDGETIME, 
creates transition edges using the 
parameters defined by TIMEPARAM. 
These edges determine when the 
stimulus values are placed on the 
input pins and when the response 
values are measured during each 
test cycle, indicating such timing 
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points as when outputs should be — 


sampled and when inputs should be 
changed. For example, to create a 
clock that remains LOW for 80 ns, 
HIGH for 100 ns, and repeats every 
200 ns would require the definition of 
four edges. The first edge would be 
at O ns, the second at 80 ns, the _ 
third at 180 ns, and the fourth at 
200 ns. The last edge defines the 
period of the cycle and is also used 
for the duration declaration. 


For each test cycle, the CYCLE © 
module describes the stimulus for 
input pins and the response for out- 
put pins. If parameter values are 
included within parentheses in the 
module heading, a variety of values 
can be placed on the input pins. — 
Each time the module is called, the 
appropriate values are passed to it. 
This module takes transition edges 
from the EDGETIME module and 
determines when to apply stimulus 
values to the I/O pins and when to 
measure outputs during each test 
cycle. CYCLE statements in the 
modules specify whether a specific 
pin is to be stimulated or measured. 
A transition edge at a pin may be 
specified by ‘‘@”’ time. If not 
specified, the stimulus values are 
placed on the pin at the beginning of 
the cycle and the responses are 
measured at the end of the cycle. 


With FUNCTIONTEST modules, the 
designer partitions the test into 
functional blocks or initialization pro- 
cedures, particularly if the sections 
are to be used more than once. The 
first DCPARAM statement sets the 
minimum and maximum measure- 
ment values as well as the source » 
that creates them (current or 
voltage). Defaults are provided if 


exact values have not been selected. | 


An important attribute of this module 
is that some portions can be used . 
more than once. These modules are 
executed when called by the MAIN 
routine or other FUNCTIONTEST | 
routines. They may contain WHILE 


~ and other looping constructs to 


provide a means of conditionally 
executing statements. 


INTRODUCTION 


SIMULATION AND TEST 


PROGRAM GENERATION 


As the software generates the test 

program, it draws on the stimulus © 
and response values to select each 
pin’s timing generators and strobes 
on the basis of the value of the pin 
before the cycle starts, the number 
of transitions occuring on the pin 


_ during the cycle, and if the pin is 


to be an input or output during 
the cycle. 


The selection of mask registers i is 
determined by the state of the 
registers at the start of the cycle and 
the pins that have been activated 
during the cycle. The appropriate 
values are inserted into a test vector, 
which is stored in a vector file with 
the register set or enabling 
commands. Before storing the test 
vector, the software attempts to take 
advantage of any vector compaction 
capability of the tester. 


After the test language is used to. 
create the modules, the resulting 
description file is loaded into VLSI- 
test, which parses it and ensures 
that its syntax is correct. While 
parsing, the software creates a data 
base from the physical character- 
istics described in the PINDEF 
module and from the identifiers used 
throughout the circuit description. 
After the program is properly com- 


piled, testing may begin. 


The test language itself possesses 
all the power. and flexibility needed 
to efficiently develop test programs. 
All variables and constants are 32-bit 
values that may be manipulated on a 
bit-by-bit basis by a variety of 
familiar operators, such as AND, 


_. OR, and XOR. Additionally, the lan- 


guage’s looping constructs present a 
compact means of conditionally 


executing a series of tests. 
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COMPLETING THE DESIGN 

Test engineering effort is still 
required when using this process, 
but the time spent can be a matter 
of only a few weeks, rather than the 
several-week period traditionally 
associated with creating a test 
program for a new product. 


When simulation is complete and the 
design works satisfactorily, the 
layout process can begin. In most 
cases, designers are interested in 
minimizing design time and asso- 
ciated costs, so they pick standard 
cells for the additional blocks of logic 
that will surround the megacell 
cores. Cells are individually com- 
piled, placed and routed to create 
blocks of logic until the entire non- 
megacell portion of the design is 
complete. For the best layout effi- 
ciency, the additional logic is either 
put into a block having the same 
height as a megacell, or it is put 
around the megacells to fill in the 
voids. When each portion of the 
design is completed, these blocks 
can be placed and interconnected 
using a tool called VLSICOMPOSE, 
which is a top-level composition 
editor. This editor assists in inter- 
connecting blocks of cells and 
optimizing both the placement and 
interconnection of cells. The overall 
goal of placing blocks to form the 
chip is to get the ratio of the X and Y 
dimensions (the aspect ratio) as 
close to 1:1 as possible. The 
resulting square die gives the 
packaging engineer the most flexi- 
bility in package selection. 


When the entire layout process is 
complete, a netlist of interconnec- 
tions is extracted from the physical 
data base to allow comparison of 
what was intended to be with what 
actually was implemented. Once the 
extraction is complete and the netlist 
comparison between schematic and 
layout is successful, the device can 
be resimulated in software with more 
accuracy, since values of expected 


Capacitance are extracted along with 
the connectivity information. Finally, 
the layout is checked for design rule 
violations using the design rule 
checker (DRC) program. 


When all of this has been success- 
fully completed, the data base is sent 
to a design center, where the actual 
phvsical layout of the meaacelis is 
included in the data base. When 
everything checks out properly, a 
mask set is created and silicon is 
started. From this point, the fabrica- 
tion time typically takes 8 weeks for 
the first-pass prototypes. 


VL68C45 MEGACELL 

The first VLS! Technology megacell 
to be available both in standard 
product form and megacell format is 
the VL68C45 CRT controller. This 
part is the video timing interface 
component used in the IBM PC and 
is commonly used in low-cost video 
adapters for other personal compu- 
ters as well. This megacell has been 
implemented in 2-micron CMOS 
technology and offers character 
clock rates of up to 4.5 MHz and bus 
clock rates at the full bus speed of 

3 MHz. The version of the 6845 
desired may be strap-selected to 
choose from the Motorola R or R1 
versions, the Hitachi S version or the 
Synertek E version. In addition to the 
standard 6845 features, up to 16 bits 
of display memory may be used, the 
vertical sync pulse width is program- 
mablie and the vertical row counter is 
programmable to be 7, 8 or 9 bits. In 
addition to a larger video address 
space, early address lines are 
provided to eliminate pipeline stages 
in CRT adapter designs. Most 
control signals are the same as 
those offered on the standard 6845, 
but additional control signals are 
provided for ease of interfacing, 
three-stating address buses and 
option selection. 
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SUMMARY 

Megacells offer a way to quickly 
design chips that replace today’s 
board-level functions, while at the 
same time offering competitive 
costs, increased reliability, increased 
performance and reduced board 
space. The design process requires 
a wide range of design tools, 
including standard cells, cell 
compilers, simulators, routers, test 
program generators, and libraries of 
designs. VLSI Technology, Inc., 
specializes in offering these kinds of 
tools in addition to complete wafer 
services to provide a total solution to 
systems designers. 


DATA BOOK 

This data book presents a complete 
technical description of the VLSI 
Technology, Inc., Application Specific 
Logic Products Division product line. 
Where devices have been fully char- 
acterized, either by VLSI Technology 
or by one of its partners, specific 
information is presented in the form 
of data sheets. Information on 
partially characterized devices, and 
on devices currently under develop- 
ment, is in the form of product 
briefs. More complete data can be 
obtained on any device from the 
Logic Products Division Application 
Department. 
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SECTION 2 
ORDERING 
AND 
PACKAGING 
INFORMATION 


Application Specific 
Logic Products Division 
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GENERAL 

VLSI Technology, Inc., Logic 
Products devices are available in a 
variety of plastic and ceramic 
packages, including chip carriers 
and pin grid arrays, and in different 
temperature ranges. Specific 
information on the packages and 
temperature ranges for particular 
devices is coded into the part 
number portion of the order informa- 
tion included in each data sheet of 
sections 3 through 7. 


SPECIAL NUMBER CODE 


ENVIRONMENTAL GRADE CODE 


TEMPERATURE CODE 


PACKAGE TYPE CODE 


PART NUMBER EXAMPLE 


OVlrOA0CN 
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This information is organized as: 
VL 9999999 bb p t e-— aaggg99 


Special Number Code 
Environmental Grade Code 
| Temperature Code 
| Package Type Code 
Bin Code (product-specific) 
Base Part Number (up to seven digits; may include dash character) 


RC9999 is a ROM code number. 

SL9999 is a special lead number. 
SM9999 is a special marketing number. 
SS9999 is a special specification number. 
ST9999 is a special test number. 


Blank (no entry) indicates that the information is not applicable. 
| indicates a 48-hour dynamic burn-in. 


C_ indicates the commercial operating temperature range of from 
0°C to + 70°C. 


| indicates an industrial operating temperature range of from 
—40°C to +85°C. 


M_ indicates the military operating temperature range of from 
~55°C to +125°C. 


indicates a ceramic side-brazed dual in-line package (ceramic DIP). 
indicates a cerdip. | 
indicates a ceramic pin grid array (PGA). 

indicates a JEDEC type-B leadless chip carrier (LCC). 

indicates a plastic dual in-line package (plastic DIP). _ 

indicates a plastic leaded chip carrier (PLCC). . 


The package forms indicated by the codes are illustrated in the outline 
drawings contained within this section. 


The part number VL68C45R-23PCSS0001 would indicate a CMOS revision R 
version of the 6845 CRT controller having a 2 MHz bus clock and a 3 MHz 
character clock, housed in a plastic DIP, operating over the commercial 
temperature range, and tested to a special specification (#0001). 
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PACKAGE CONSIDERATIONS 
DUAL IN-LINE PACKAGES 

The dual in-line package (DIP) has 
been in high-volume production for 


nearly twenty years, and is estimated 


to have been the package of choice 
for over 80% of all integrated circuits 
shipped in 1985. Some 1986 usage 


estimates are as high as 18 billion. 


units worldwide. Generally, devices 
in DIPs can be purchased in two 
types of ceramic (cerdip and side- 
brazed) and in the very-familiar 
molded plastic package. Over 85% 
of all DIPs, or over 12 billion, sold 
worldwide in 1985 were plastic. 


The ceramic side-brazed package is 
relatively expensive and is frequently 
imported. It has excellent mechani- — 
cal characteristics, including the 
ability to survive extreme tempera- 
tures, salt water, and corrosive 


atmospheres. However, as the cost — 


of the integrated circuit it houses 
becomes less and less expensive, — 
the relative cost of the ceramic DIP 
becomes a major concern. In a large 


number of applications, this package 


is several times more expensive than 
the chip within it. As would be 
expected, this package is very 
popular in military electronics and in 
other potentially harsh mechanical 
environments. The side-brazed 
package, while representing less 
than 2% of all DIP packages ship- 
ped in 1985, represents a higher 
percentage of DIP revenue, due to 
its comparatively high average 
selling price (ASP). : 


The cerdip is a ‘“‘sandwich’’ of two 
ceramic parts that are joined 


together by a cement-like epoxy. The | 


_ die itself is mounted on a lead 
frame, and enjoys many of the cost 
economies associated with this 
approach. The cerdip has some of 
the mechanical advantages of the 
side-brazed ceramic at a lower cost. 
The cerdip represented about 14% 
of all DIP shipments in 1985. 


The plastic DIP has been the cata- 
lyst for the computer revolution. The 
dramatic reduction in the cost of 
microprocessors, microprocessor 
peripherals, communications 
devices, and memories has been 
passed along to the manufacturers 
and the final users because plastic 


inexpensive. In addition, reliable 
automated 16-pin and 14-pin DIP 
insertion equipment has dramatically 
reduced manual “‘board stuffing’’ 
costs of DIPs. The plastic DIP itself 
is easy to manufacture. The die is 
mounted on a copper-alloy lead 
frame and the plastic material is 
molded around it. It is usually 
branded by a printing method with 
an epoxy-based ink but, recently, 
laser-scribing the number into the 
plastic body is gaining popularity, 
reducing costs even further. 


Mechanically, the DIP has proven to 
be an extremely utilitarian package 
in most applications. Its short, stiff 
leads on 2.54 mm (0.1 inch, or 

100 mil) centers allow reasonably 
easy insertion for both test and 
production by both manual and 
automatic techniques. While more 
expensive DIPs are placed in 
sockets, the overwhelming majority 


are soldered directly into the printed 


circuit board. The 64-pin DIP, the 


largest DIP in high-volume produc- 


tion, is used to house VLSI’s VL2010 


and VL2044 Multiplier/Accumulators. — 


DIP configurations with higher pin 


counts tend to exhibit unacceptable | 


mechanical problems, such as 
extremely high insertion and extrac- 
tion forces. 


-DIPs are available, in even-pin-count 


steps, in packages as low as two 
pins. A variation of the DIP that has | 
gained some acceptance is the SIP, 
or single in-line package. The SIP, 
mounted lying on its edge, uses very 
little printed circuit board space and 
frequently contains a number of 
memory die in high-density memory 


applications. However, as desirable 


as the SIP may seem, it is not the 
major evolutionary path of the DIP. 
The SIP allows little air circulation for 
cooling, is hard to handle, and is not 
generally accepted as a standard. 
The DIP evolution lies in surface 
mounting the device. 


~SMALL-OUTLINE 


INTEGRATED CIRCUITS 

The small-outline integrated circuit 

(SOIC) is a descendant of the DIP. 

Sometimes called the “‘Swiss’’ out- 
line integrated circuit in honor of its 
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packaging has remained extremely 


country of origin, this package solves 
many of the problems of the DIP, 
while retaining many of its advan-. 
tages. The gull-wing lead rests on. 
top of the printed circuit board rather 
than going through it. For.most |. 
types, its leads are exactly half the 
length that the DIP’s are, and it 
maintains the same basic rectan- 
gular package aspect ratio of the 
DIP. This, however, becomes a 
disadvantage in high-pin-count. . 
applications. For more than 28 pins, 
many designers prefer the square — 
aspect of the plastic leaded chip 
carrier (PLCC) to the SOIC. The 
small package mass of the SOIC 
does not allow the same thermal 
dissipation that can be expected in 
a standard DIP, which becomes a 
minor problem as more chips are 
made in the generally lower power 
consuming CMOS process. Most 
importantly, the SOIC consumes 
only about 30% of the real estate 
consumed by the standard DIP. It is 
estimated that nearly 1.5 billion — 
SOIC units will be shipped in 1986. 


CHIP CARRIERS 

Chip carriers have been around for 
several years in various forms, and 
are just now coming into widespread 
usage. Generally, the terminal 
spacing of chip carriers is 1.27 mm 
(50 mils), but several special types 
have 1.0 mm (40 mil) spacing for use 
by companies engaged in the pocket 
pager business. Some variations are 
available in 0.64 mm (25 mils) also. 
The ceramic versions of chip carriers 
have become very popular in military 
applications for the same reason the 
ceramic side-brazed DIP has: their 
mechanical ruggedness. Frequently, 
ceramic leadless chip carriers _ 
(LCCs) are soldered in; others use 
connectors, while still others have 
their own leads and are inserted as 
a leaded device. Due to the 
dissimilar coefficient of expansion of 
materials (package alumina and 
printed circuit board fiberglass) and 
the lack of pins on the leadless — 
versions to provide flexibility or 
compliance, the ceramic leadless 
chip carriers should be soldered to a 
material that has the same thermal 
expansion characteristics as they 
have. This has become very popular _ 
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in military applications where weight 
and space are at a premium and, 
generally, cost is not the primary 
consideration. 


The plastic leaded chip carrier 
(PLCC) has very quickly become the 
most popular of all the chip carriers. 
The PLCC represented about 61% 
of the chip carriers shipped in 1985 
fannroximately 400 million units). 
Although there is debate on the 
issue of board space consumption, 
the PLCC and SOIC consume about 
the same amount of board space in 
the 24- to 28-pin configurations. In 
lower pin count applications, the 
SOIC seems to be more space- 
effective; when over 24 pins or so, 
the PLCC seems to have the edge in 
most applications. In applications 
over 28 pins, the PLCC is the surface- 
mount package of choice. Its square 
aspect ratio allows many chip 
placements that the highly rectan- 
gular package of the SOIC does not. 
In addition, there are rectangular 
PLCCs to accommodate such rec- 
tangular die, such as memories. 


CHIP-ON-BOARD MOUNTING 

The ultimate in low-cost chip 
mounting is achieved by the chip-on- 
board (COB) technology, in which no 
discrete package is actually : 
employed. The die is soldered onto a 
copper pad on a printed circuit 
board. Bonding wires connect the 
die to smaller bonding pads around 
the die. The die and wires are then 
covered by a dollop of epoxy. This 
technique, while inexpensive, is not 


PIN COUNT DOMAIN 


| soic | 


generally accepted in industrial or 
business equipment. It has been 
extensively employed in video game 
cartridges, and seems to work quite 
well there. 


PIN GRID ARRAY 

The pin grid array (PGA), or ‘‘bed of 
nails,’’ has only been around for ten 
vears, but had a usage of about 

5 million in 1985, and its popularity 
is growing rapidly. This major 
package variation allows very high 
pin counts in relatively small spaces 
with excellent mechanical and 
thermal characteristics. The 149-pin 
VL82C389 Message Passing Co- 
processor (MPC) for Multibus® II 
systems is a prime example of PGA 
high-density trends. The major.disad- 
vantage of the PGA is its high cost. 
Virtually all of the 5 million PGA 
units shipped in 1985 were ceramic. 
Plastic pin grid arrays are well along 
in development, and will provide 
reliable, inexpensive packaging for 
the many high-pin-count ASIC, 
memory, and other circuits coming 
into wide usage. 


FLATPACK 

The flatpack holds less than 1% of 
the IC package market. True to its 
name, it is flat, small, and has flat 
leads usually in the same plane as 
the package body. It is generally 
harder to handle and test than the 
other package types, but provides a 
surface mounting alternative to the 
pin grid array in very-high-pin-count 
applications. It is usually surface 
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mounted, ‘‘socketed,’’ or suspended 
through a cut-out hole in the printed 
circuit board. 


SYSTEM CONSIDERATIONS 

In the extremely competitive com- 
puter market that now exists, every 
repetitive cost, no matter how small, 
comes under close scrutiny. Drilling 
a hole in a orinted circuit beard 
costs about $0.001, a fairly small 
amount until it is multiplied by the 
thousands of holes that frequently 
occur in each board. This becomes a 
significant consideration at the 
system level. Even though re-tooling 
costs are high, many companies are 
converting (some at least partially) to 
surface-mounting equipment. Sur- 
face mounting allows more chips in 
a much smaller area, but not all 
functions are yet available in 
surface-mount packages. Some com- 
panies have solved this problem by 
designing both through-the-board 
and surface-mount devices onto the 
same board. Others continue to use 


the older technology until they can 


re-tool for 100% surface mount. 


Application-specific integrated 
circuits (ASICs) and their support 
devices are requiring packages with 
ever-increasing pin counts. The pin 
count domain diagram graphically 
depicts the typical domain of pin 
counts for five basic package types. 
While there is a good deal of overlap, 
chip carriers and pin grid arrays will 
become the package of choice in 
future systems containing devices of 


high pin count. Since the PGA device 


| FLAT PACK 
| CHIP CARRIER | 


NUMBER OF PINS 


®Multibus is a registered trademark of Intel Corporation. 


does not support surface-mount 


technology, chip carriers or flatpack — 


technology will have to be imple- 
mented as pin counts exceed 170 
using surface-mount eyeiene: 


CONCLUSION Pe 
There will be no panacea package 
that will exclude the use of all others 
in the future. While there are several 
criteria for the system designer, 
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Table 1 examines some of the 
characteristics of packages that will 
probably occupy the overwhelming 
majority of printed circuit boards in 
the future. Leadless chip carriers will 
be especially popular in military and 
harsh industrial applications. The 
DIP, with many billions already in 
use, will not disappear, but its 
percentage of market will decrease 
steadily. Pin grid arrays will remain 
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and increase in popularity as very 
large devices become more popular 
and plastic PGAs become readily 
available. Surface mounting is — 
definitely a wave of the future for 
many systems. SOIC packaging will 
increase rapidly for devices of 

28 terminals and under, while the 
mid-range and higher terminal count 
devices will be housed in PLCCs or 
flatpacks. 


THERMAL CONSIDERATIONS 

The devices in this data book have 
undergone thorough evaluation and 
characterization to ensure their 
operation over the specified temper- 
ature ranges. While safety margins 
are used for all parametric tests over 
_ the temperature range, the designer 
should not exceed the temperature 
limits, even for extremely short 
intervals. The following notes are 
presented to ensure a reliable, long- 
lived system using VLSI’s products: 


1. While few designs subject devices to extreme cold, such conditions may 
cause the devices to operate outside of their normal specified ranges. _ 
Therefore, the minimum operating temperature specification must be 
observed as well as the maximum operating temperature. 


2. The ambient temperature (TA) specification refers to the air on the surface 
of the device. The printed circuit board design should be open enough to 


permit free air flow around the devices. 


3. Avoid layouts that place NMOS, HMOS, or CMOS devices near such heat 
sources as power regulators and devices requiring heat sinks. If the design 
demands such proximity, ensure that the specified temperature range is not 


exceeded. 


4. Ensure that the power supply voltage is within the specified range. Both low 
and high voltages beyond the specified limits may cause device 


overheating. 


TABLE 1. PACKAGE CHARACTERISTICS 


Feature 


Uses Socket or Connector Yes 


Directly Solderable 
Minimum Usual Terminal Count 


Maximum Usual Terminal Count 


Pin Spacing mm | 1.27 
3 (mils) (50) 


Relative Cost (1 = Most Costly) 


1.27 1.27 ot 5 1.27/1.0 
ian (50) (460) a 0/49 


JEDEC Leadless Chip Carriers es: ee 


1.27/1.0 
(50/40) 
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PACKAGE OUTLINES 
18-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP) 


-280 (7.112) 290 (7.366) 


.930 (23.622) 
.680 (22.352) 


175 (4.445) | | 010 MIN 
105 (2.667) (.254) 


PLANE BASE 


.055 (1.397) 
.025 (.635) 
.065 (1.651) 038 (. 3 1125 (3.175) 
030 (.762) 021 (.533) 400 fe 54) 
015 (.381) TYP 


NOTES: UNLESS OTHERWISE SPECIFIED. 

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES (_). 
2. TOLERANCE TO BE +.005 (0.127). 

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT). 

4. LEAD FINISH: GOLD PLATE OVER NICKEL. 


18-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 


#270 (6.858) 
.230 (5.842) 


.140 (3.556) 


920 (23.368) > 
120 oa 048) MAX -200 (5.080) 
ce 
(1 524) 115 (2.921) 
060 (I. oe TYP 
— 
023 (584) .100 (2.540) 
015 (.381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 
. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER. 
. LEAD MATERIAL: ALLOY 42 OR COPPER. 


MAX. AT EACH END. 
. TOLERANCE TO BE +.005 (0.127) UNLESS OTHERWISE NOTED. 
. METRIC DIMENSIONS ARE IN PARENTHESES (__). 
. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 


our On — 
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310 ae .325 (8.255) 


SEATING PLANE 
E Laas (1.524) .175 (4.445) | 


015 (.381) | = 
008 (.203) 90° | 


012 (.305) | a 
1008 (.203) 


.300 (7.62) 
TYP 


.320 (8.128) 


.350 (8.890) 
TYP 


. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) 


© VLSI TECHNOLOGY, INC. 


ORDERING « PACKAGING 


PACKAGE OUTLINES 
20-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP) 


310 (7.874) 
-280 (7.112) 
.325 (8.255) 
1.030 (26.162) .290 (7.366) 
105 (2.667 eer rE ToT -010 (.254) 
ere (980 (24.892) MIN rf 
——¥ BASE PLANE 
N SEATING 
.055 (1.397) PLANE 
.025 (0. 635) .060 (1.524) +175 (4.445) .012 (.305) calls 
065 065 (1.651) 651) _, 038 (.965) .125 (3.175) 008 (.203) 
030 (.762) 021 .021 (533) 100 (2.540) 
.015 (.381) TYP 
NOTES: UNLESS OTHERWISE SPECIFIED. 
1. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
2. TOLERANCE TO BE + .005 (0.127). 
3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT): 
4. LEAD FINISH: GOLD PLATE OVER NICKEL. 
20-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 
.270 (6.858) 
.230 (5.842) 
| 900 (22-860) | 
ase .320 (8.128) 
MAX 
200 (6.080) a ia Pe 8 670), 46508.937 
Ft .125 (3.175) 
SEATING -015(0.381) || F105° 
015 (0.381) PLANE _ .008 (0.203) 90° 
060 (1.524) 
—| > TYP 140 (3.556) 
075 (1.905) 120 (3.048) .350 (8.890) 
MAX — 023 (0.584) —.100 (2.540) TYP 
.015 (0.381) TYP 


NOTES: UNLESS OTHERWISE SPECIFIED. 
. LEAD MATERIAL: ALLOY 42 OR COPPER. 


AT EACH END. 
. TOLERANCE TO BE + .005 (0.127). 


9A ON= 


. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER. 
. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX 


. ALL METRIC DIMENSIONS ARE IN PARENTHESES, 
. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 
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EO VLSI TECHNOLOGY, INC. 


ORDERING * PACKAGING 


PACKAGE OUTLINES 
24-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 


Torri i Ly 
{ 

‘ 1.100 (27.940) 

MAX 


er 


.165 (4.191) 
.135 (3.429) 
_ 1,280 (32.512) 


| MAX 015 (0.381) 


SAAT AAAAAAG 4 
200 (5.080) 
MAX 060 (1.524) 140 (3.656) 
TYP 120 (3.048) 
400 (2.540) .023 (0.584) = 
TYP .015 (0.381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 


1. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER. 


2. LEAD MATERIAL: ALLOY 42 OR COPPER. 


560 (14.224) 
.520 (13.208) 


140 (3.656) 


.620 (15.748) 
~*~ MAX 


105° .015 (0.381) 
90° 3 Y*.008 (0.203) 


| .650 (16.510) 
——_- 
TYP 


3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX 


AT EACH END. 

. TOLERANCE TO BE + .005 (0.127). 

. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 


oan 


28-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP) 


28 27 16 15 


1 2 13 14 
1.430(36.322) 
190 (4.826) 1.380 (35.052) 
085 (2.159) 
.070(1.778) 
.020(.508) .060(1.524) 
065(1.651) __||__038(-965) 
.030(.762) 9 23(.584) .100 (2.540) 


,015(.381) TYP 


NOTES: UNLESS OTHERWISE SPECIFIED. 

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
2. TOLERANCE TO BE + .005 (0.127). 

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT). 

4. LEAD FINISH: GOLD PLATE OVER NICKEL. 
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.610(15.494) 
.580(14.732) 


.625(15.875) 

.595(15.113) 

600 (15.240) 
TYP 


* BASE PLANE 


EL seas 
oe 


.012(.305) 7 om 
008 (.203) 


© visi Ecunor0.y NS ORDERING - PACKAGING 


PACKAGE OUTLINES 2% 
28-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 


.560 (14.224) 
.520 (13.208) 
SST Or CP err rer crererere4;nr 
q 1.300 (33.020) | 
REF 
.165 (4.191) 
.135 (3.429) 
1.470 (37.338) 570 (15.748) 
F MAX ~~} .015 (0.381) MAX 
ed ia 
SAAATTAINAAT 
SEATING 105° .015 (0.381) 
| PLANE 0S" 
.200 (5.080) 90° .008 (0.203) 
MAX 060 (1.524) eleg 608) 
TYP Bie (3.048) ___850-(16.510) 
a — —— >| |~<+—_ _—P 
.100 (2.540) .023 (0.584) TYP 
TYP .015 (0.381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 

. LEAD FINISH: MATTE TIN PLATE OR LEADI/TIN SOLDER. 

. LEAD MATERIAL: ALLOY 42 OR COPPER. 

. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR WHICH IS .010 (0.254) MAX. AT EACH END. 
. TOLERANCE TO BE + .005 (0.127) UNLESS OTHERWISE NOTED. 

. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 


Onhoh— 


28-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


.055 (1.397) .600 (15.240) 
Sada Sada AB MAX GLASS 
7030 (.762) ‘YP i 


.025 (.635) R 
.530 (13.460) 
.515 (13.081) 


| 1.460(37.084) | .620 (15.748) 


MAX -590 (14.986) 
.225 (5.715) GLASS re 
MAX SEALANT 
+ { .070 (1.778) 
“00 (508) .012 (.305) 
' .008 (.203) 
0.055 + 0.005 | | 
0.055 0.005. <— 0.685 + 0.025 
3 | (1.397 + 0.127) ASS AIS s — 0.060 
<— 17.40 + 0.635 
0.018 + 0.003 0.100 + 0.010 tr ay, 524) 
(0.456 + 0.076) (2.540 + 0.254) 


O visi tenoioox me ORDERING » PACKAGING 


PACKAGE OUTLINES 
40-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP) 


610 (15.494) 625 (15.875) 


.580 (14.732) 595 (15.113) 


2.030 (51.562) 


1.980 (50.292) 
.190 (4.826) 
Eid acral cs 
1085 (2.159) _.600 (4 ie 
A a = 
SEATING 
.070 -070 (1.778) .178) | Cie 
020 (.508) tT 060 (1.524) LL 
| be (.965) 175 (4.445) TA 
065 (1. a 00/2 540) 125 (3.175) .012(.305) 
030.762) .023 (.584) .008 (.203) 
.015(.381) 
NOTES: UNLESS OTHERWISE SPECIFIED. 
1. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
2. TOLERANCE TO BE + .005 (0.127). 
3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT). 
4. LEAD FINISH: GOLD PLATE OVER NICKEL. 
40-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 
.560 (14.224) 
520 (13.208) 
a lv ETET EVE ECR VATE VEVEVEVEVEVEVETE VESEY ES 
eee (48.280) pipe eean 
.165 (4.191) 
.135 (3.429) 
nee MAK —— .620 (15.748) 
oe eee eee) ——T 015 (0.381) Max 
Pe 
Ta : 
—t-searine 105° .015 (0.381) 
.200 ae 080) 90° «30 * 008 (0.203) 
Soak .140 (3.656) 
06 
ee ve 120 (3.048) ___-650 (16.510) 
"100 (2.540) 023 (0.584) .090 ue 286) TYP 


TYP .015 (0.381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 

1. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER. 

2. LEAD MATERIAL: ALLOY 42 OR COPPER. 

3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX 
AT EACH END. 

. TOLERANCE TO BE + .005 (0.127). 

. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 


ouabh 
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os VLSI TECHNOLOGY, INC. es So ceva 
| © : BEERS "4 i? ORDERING « PACKAGING 


PACKAGE OUTLINES 
44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


-660 (16.764) 


max UO 


PIN 1 INDEX 
MAY VARY IN 
SIZE AND 
LOCATION 


.695 (17.653) 
MAX 


028 (0.711) 
< Pe ALL SIDES eras 049 (1.244) 
075 (1.905) 
MAX 
a ete 


ty 
020 ae oa 
MAX 


.050 (1.270) 
TYP ———m||<«— 025 (0.635) 


.015 (0.381) 


<~.032 (0.812) 185 (4.699) 
MAX 


NOTES: UNLESS OTHERWISE SPECIFIED. 

. TOLERANCE TO BE + .005 (0.127). 

. LEADFRAME MATERIAL: COPPER. 

. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP. 

. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG 
FULL LENGTH OF LEAD. 

. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 
(0.254) MAX ON FOUR SIDES. 

. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 


o oa POND = 


48-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP) 


.610(15.494) 
.580(14.732) 


2.430 (61.722) 
2.380 (60.452) 


[$$$ —$ $$$ 


010(.254) __ -625(15.875) 
190(4.826) MAX MIN 595 (15.113) * 
{ BASE PLANE 
070(1. SEATING 
— seaue | 
Bed pad = 060(1.524) ae .175(4.445) » -012(.305) 
.065(1.651) .100(2.540) .038(.965) aad .125(3.175) .008(.203) 
030(.762) TYP 023(.584) 
015(.381) 600 TYP—> 


NOTES: UNLESS OTHERWISE SPECIFIED. 

1, ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
2. TOLERANCE TO BE + .005 (0.127). 

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT). 

4. LEAD FINISH: GOLD PLATE OVER NICKEL. 
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EO VLSI TECHNOLOGY, INC. ORDERING ° PACKAGING 


PACKAGE OUTLINES 
48-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 


-570 (14.478) 
530 (13.462) 


7 
2.300 (58. naan ii 


REF 
175 (4.445) 
145 (3.683) 
2.450 he 230) .620 (15.748) 

{$$ —_ 

| AX | 015 (0.381) | MAX 

ees MIN 

| AA AAAATIRARAAAAAA RD 
: SEATING ° :015 (0.381) 
PLANE 105" _-wh~"008 (0.203) 
.200 (5.080) 90° 008 (0. 
MAX .060 (15.240) -140 (3.656) 
.120 (3.048) .650 (16.510) 
— <<—— — <— 
100 (2.540) 023 (0.584) 075 a - TYP 
TYP .010 (0.254) 
NOTES: UNLESS OTHERWISE SPECIFIED. 
1. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER. 
2. LEAD MATERIAL: ALLOY 42 OR COPPER. 
3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX 
AT EACH END. . 
4. TOLERANCE TO BE + .005 (0.127) UNLESS OTHERWISE NOTED. 
5, METRIC DIMENSIONS ARE IN PARENTHESES. 
_ 6. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 
64-PIN CERAMIC SIDE-BRAZED DUAL IN-LINE PACKAGE (DIP) 
64 63 34 33 


914(23.216) 
.884(22.454) 


123 31 32 
720(18.288) 
8.240(82.296) LI) MAX | 
930(23.622) 
190(4.826) MAX ne r 900(22.860) | 
' ¥ BASE PLANE 
SEATING 

070(1.778) PLANE 
.020(.508) ee biles 060(1.524) 175(4.445) _,| 012.305) 

.065(1.651) .100(2.540) Sen. .038 (.965) .125 (3.175) .008(.203) 

030.762) TYP 023(.584) 


.015(.381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
2. TOLERANCE TO BE + .005 (0.127). 

3. LEAD MATERIAL: ALLOY 42 (OR EQUIVALENT). 

4. LEAD FINISH: GOLD PLATE OVER NICKEL. 
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) VLSI TECHNOLOGY, INC. 


PACKAGE OUTLINES 
64-PIN PLASTIC DUAL IN-LINE PACKAGE (DIP) 


ORDERING + PACKAGING 


.820 (20.828) 
,780 (19.812) 


SIT TCT oT 
PIN eal pay jon 8 tay ee 


.195 (4.953) 
.165 (4.191) 


" igi igigl Nf imiBigigigi 
.230 (5.842) 
MAX 


COAT 


+ L100 (2.540) TYP I 060 (1.524) TYP 


.023 (.508) 
(015 (.381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 
. LEAD FINISH: MATTE TIN PLATE OR LEAD/TIN SOLDER. 
. LEAD MATERIAL: ALLOY 42 OR COPPER. 


AT EACH END. 

. TOLERANCE TO BE + .005 (0.127). 

. METRIC DIMENSIONS ARE IN PARENTHESES. 

. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 


Onr WH 


68-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


4° ALL SIDES 


ad 
.075 (1.905) 
MAX 


” 


.032 (.812) _.185 (4.699) 
MAX: 


.030 (.762) a ier (1.270) 
. MAX .025 (.635) 
1015 (381) 


NOTES: UNLESS OTHERWISE SPECIFIED. 
1. TOLERANCE TO BE + .005 (0.127). 
. LEADFRAME MATERIAL: COPPER. 


2 
3. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP. 
4 


| 3.230 (82.042) : | 
MAX - .015 (.341) 
a eR SaaS SN MIN 


i 


-065 (1.651) MAX 


.. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR, WHICH IS .010 (0.254) MAX 


PIN 1 INDEX 
MAY VARY IN 

SIZE AND 
LOCATION 


.920 (23.368) 
= MAX — 


.015 (.381) 
tose :019 (381) 
99° © .008 (.203) 


.950 (24.130), 
TYP : 


rey 


.140 (3.556) 
.120 (3.048) 


-960 (24.384) 
MAX 


. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG 


FULL LENGTH OF LEAD. 


on 


(0.254) MAX ON FOUR SIDES. 


6. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 


. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 
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EO VLSI TECHNOLOGY, INC. 


ORDERING « PACKAGING 


PACKAGE OUTLINES 
84-PIN LEADLESS CHIP CARRIER (LCC) 


po 


1.010 (25.654) 


.050 (1.270) 
3 PLS 


—— PIN 1 


.039 (.991) 


.033 (.838) 
TYP 
Loy 
Tf 
NOOOOOOOnOOOnnOnROAN 


.030 (.762) x 45°_|| 
CHAMFER INDEX CORNER "| 


.095 (2.413) 


:075 (1.905) 
LEAD 1 ONLY 


SEATING PLANE 


"099 (25.146) 
4 PLS 
.050 "6 ;270) 
.676 (17.170) 
(664 (16.855) 077 (1.956) 
1.161 (29.469) 063 aes 600) 
1.139 (28.930) 
LJ Nee Sn TnTRTETaTHT ETE TRTATRTNIAVETETH' Ea 
ELECTRICALLY ACTIVE PLANE ON THIS SIDE 
.066 (1.676) 
UNLESS OTHERWISE SPECIFIED: .054 (1.372) 


1. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
METRIC DIMENSIONS ARE IN MILLIMETERS. 
2. TOLERANCE TO BE +.005 (0.127). 


3. ALL EXPOSED METALLIZED AREAS SHALL BE GOLD-PLATED (60 MICROINCHES 


MIN. THICKNESS) OVER NICKEL (50 MICROINCHES MIN., 350 MICROINCHES 


MAX.) OVER REFRACTORY METALLIZATION. 
4. MATERIAL: Al,03. 
5. JEDEC TYPE B PACKAGE. 


EO VLSI TECHNOLOGY, INC. 


ORDERING « P 


ACKAGING 


PACKAGE OUTLINES 


84-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


.075 (1.905) 
MAX 


PIN 1 INDEX 
MAY VARY IN 
SIZE AND 
LOCATION 


1.160 (29.454) 
MAX 


1.195 (30.353) 
MAX 


4° ALL SIDES 


028 (.711) >| 
| 


aie eT | TIN 
— 


—»|| | .032 (.812) 185 (4.699) 
.025 (.635) MAX 


ee 
.015 (.361) 


UNLESS OTHERWISE SPECIFIED: 

1. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
METRIC DIMENSIONS ARE IN MILLIMETERS. 

. TOLERANCE TO BE +.005 (0.127). 

. LEADFRAME MATERIAL: COPPER. 

. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP. 

. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC 
ALONG FULL LENGTH OF LEAD. 

. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS 
.010 (0.254) MAX. ON FOUR SIDES. 


ob Wh 


o 
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EO VLSI TECHNOLOGY, INC. 


ORDERING « PACKAGING 


PACKAGE OUTLINES 
149-PIN CERAMIC PIN GRID ARRAY (PGA) 


.050 (1.270) 
.100 .070 (1.778) 
DIA STAND OFF 
on IA TYP 4 PLS 


1,412 (35.865) 
1.388 (35.255) 
REF 


OOOCO®O 
OOOOOOO( 


.075 (1.905) 
030 (.782) x 45° 


CHAMFER 


auauren PIN 1 INDEX 
.753 (19.126) 
747 (18.974) | 
.182 (4.622) 1.576 (40.030) .121 (3.073) 1.412 (35.865) 
.158 (4.013) 1.559 (39.598) .099 (2.514) 1.388 (05.255) 
.322 (8.187) 
.269 (6.832) ——— 
.190 (4.826) 
.170 (4.318) 
.020 (.508) .050 (1.270) 
.016 (.406) 4 PLS 


UNLESS OTHERWISE SPECIFIED: 

. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

METRIC DIMENSIONS ARE IN MILLIMETERS. 

TOLERANCE TO BE +.005 (0.127). 

. MATERIAL: Al20s. 

. LEAD MATERIAL: KOVAR. 

. LEAD FINISH IS GOLD PLATING (60 MICROINCHES MIN. THICKNESS) OVER 
NICKEL (100 MICROINCHES NOMINAL THICKNESS). 


(oe =_ 


\ VLSI TECHNOLOGY, INC. 


SECTION 3 
PROCESSORS 


AND 
COPROCESSORS 


Application Specific 
Logic Products Division 


VL65C02-VL65NC02 


CMOS 8-BIT MICROPROCESSOR FAMILY 


FEATURES 
« CMOS silicon-gate technology 


¢ Low power (1.1 mA/MHz) 


* Software-compatible with the NWYOS 
6502 


¢ Single 5 V power supply required 
* 8-bit parallel processing 

¢ True indexing capability 

* Programmable stack pointer 

¢ Interrupt capability 

¢ Non-maskable interrupt 

° 8-bit bidirectional data bus 


* Addressable memory range of up to 
64K bytes 


¢ "Ready" input 

¢ Direct memory access (DMA) 
capability 

* Clock speeds up to 4 MHz 

¢ Pipelined architecture 

¢ On-chip clock options: 
- External single-input clock 


- On-board clock, single external 
crystal 


PIN DIAGRAM 


VL65C02 
VL65NC02 


OONOOR®O DY — 


DESCRIPTION 

The VL65C02 and VL65NC02 are 8-bit 
microprocessor devices produced using 
CMOS silicon-gate technology. These 
devices provide advanced system 
architecture for enhancements in 
system performance, speed, and value 
over their NMOS counterparts, the 65XX 
family of microprocessor devices. The 
VL65NC02 is the CMOS equivalent of 
the NMOS 6502, and contains some 
enhancements. The VL65C02 contains 
significant enhancements. Both CMOS 
types may exhibit different intermediate 
cycle information from that resident in 
the NMOS 6502. Intermediate cycle 
information is not specified, and should 
not be used. 


Both the VL65C02 and VL65NC02 
provide 64K bytes of addressable 
memory and an interrupt input, as well 
as options for on-chip oscillators and 
drivers. Both are bus-compatible and 
software-compatible with the 65XX CPU 
family. 


CLOCK GENERATOR 

The clock generator develops all internal 
clock signals and (where applicable) 
external clock signals associated with 
the device. It is the clock generator that 


drives the timing control unit and the 
external timing for slave mode 
operations. 


TIMING CONTROL 

The timing control unit keeps track of 
the instruction cycle being monitored. 
The unit is set to zero each time an 
instruction fetch is executed and is 
advanced at the beginning of each 
phase-one clock pulse for as many 
cycles as is required to complete the 
instruction. Each data transfer that 
takes place between the registers 
depends upon decoding the contents of 
both the instruction register and the 
timing control unit. 


PROGRAM COUNTER 

The 16-bit program counter provides the 
addresses which step the 
microprocessor through sequential 
instructions in a program. 


Each time the microprocessor fetches 
an instruction from program memory, the 
lower byte of the program counter (PCL) 
is placed on the low-order bits of the 
address bus and the higher byte of the 
program counter (PCH) is placed on the 
high-order 8 bits. The counter is 
incremented each time an instruction or 
data is fetched from program memory. 


ORDER INFORMATION 


Part 
Number 
| RES - VL65C02-01PC 
2 (OUT) VL65C02-01CC 
SO VL65NC02-01PC 
@O (IN) VL65NC02-01CC 
NC VL65C02-02PC 
ie VL65C02-02CC 
DO VL65NC02-02PC 
D4 VL65NC02-02CC 
D2 - VL65C02-03PC 
D3 VL65C02-03CC 
D4 VL65NC02-03PC 
D6 VL65NC02-03CC 
D7 VL65C02-04PC 
A15 VL65C02-04CC 
Ai4 | VL65NC02-04PC 
A13 VL65NC02-04CC. 
VSS Note: 


Clock 
Frequency Package 
| Plastic DIP 
Ceramic DIP 
ok Plastic DIP 
| Ceramic DIP _ 
Plastic DIP 
Ceramic DIP 
one Plastic DIP 
Ceramic DIP 
. Plastic DIP ~ 
Ceramic DIP 
one Plastic DIP 
Ceramic DIP 
| Plastic DIP 
Ceramic DIP 


Plastic DIP 
Ceramic DIP 


4 MHz 


Operating temperature range: 0°C to + 70°C 


ee ererepansanee rl 
———— ee 
Eo pd 
oe 


— 
— 


B VL65C02-VL65NC02 


BLOCK DIAGRAM 


INTERNAL ARCHITECTURE 
_ <+———_ REGISTER SECTION oa 
RES IRQ NMI 


AO 
Al 


A2 


A3 


POINTER 
REGISTER (S) 


r 


ACCUMULATOR], | 


A4< 


AS 


INSTRUCTION 
DECODE 


AG 

| ‘A7 

ADDRESS 
BUS 


A8 


AQ 
A1i0 
| Alt 


| ABH 
Ai2 


C—] INPUT DATA 
| LATCH (DL) pare 


A13< <eammeeseasoan Ga 


A14 
A15 


5 Perr ere 
BRED 

LEGEND: att 

<= 8BITLINE aa ae 

—— 1-BITLINE ae 


DATA BUS _ 
BUFFER 


INSTRUCTION 
REGISTER 


CONTROL SECTION ——————— 


RDY 


SYNC 


| TIMING 
“S| CONTROL | — 


. CLOCK 
GENERATOR 0 (IN) 


DATA 


@1 (OUT) 


/@2 (OUT) 
‘sO 


R/W 


VL65C02-VL65NC02 


TABLE 1. HARDWARE ENHANCEMENTS 


The VL65C02/VL65NC02 
microprocessor devices have been 
designed with several hardware and 


software enhancements over the NUOS 
6502 device while maintaining software 


compatability. In addition to the 
increased speed and lower power 
consumpticn inherent in CMOS 
technology, the VL65C02 and 
VL65NC02 have the following 
characteristics: 


« Two new addressing modes 


« Seven software/operational 
enhancements 


¢ Two hardware enhancements: 


VL65C02 only 
— 12 new instructions, 68 total 
— 59 new opcodes, 210 total 
VL65NC02 only 
— 8 new instructions, 64 total 
— 27 new opcodes, 178 total 


SIGNAL DESCRIPTIONS 


Signal Pin 
Name . Number 
@0 (IN), 37, 

@1 (OUT), 3, 39 
@2 (OUT) 

IRQ 4 

NMI 6 


VL65C02 

Feature VL65NC02 
Pin-compatible with NMOS 6502 X 

64K addressable bytes of memory X 

IRQ interrupt X 
TTL-level single-phase clock input X 

RC time base clock input X 
Crystal time base clock input X 
Two-phase clock input* 

Two-phase output clock X 
SYNC and RDY signals Xx 


Bus Enable (BE) signal* 
Memory Lock (ML) output signal* 
Direct Memory Access (DMA) capability’ 


NMI interrupt signal 


*Available on other 650X types 


Signal 
Description 


Clock Signals—The VL65(N)CO2 requires an external 00 clock. ©0 is a TTL-level input that 
is used to generate the internal clocks of the VL65(N)CO2. Two full-level output clocks are 
generated by the VL65(N)C02. The @2 clock is in phase with OO. The @1 clock output is 
180° out of phase with @0. When @0 is stopped, the CPU is in the standby mode. 


Interrupt Request-This TTL-compatible input requests that an interrupt sequence begin 
within the microprocessor. The IRQ is sampled during @2 operation; if the interrupt flag in 
the processor status register is zero, the current instruction is completed and the 

interrupt sequence begins during @1. The program counter.and processor status register 
are stored in the stack. The microprocessor then sets the interrupt mask flag HIGH so 
that no further IRQs may occur. At the end of this cycle, the program counter low byte is 
loaded from address FFFE, and program counter high byte from location FFFF, thus 
transferring program control to the memory vector located at these addresses. The RDY 
signal must be in the HIGH state for any interrupt to be recognized. A 3 K-ohm external 
resistor should be used for proper wire-OR operation. 


Non-Maskable Interrupt—A negative-going edge on this input requests that a_non- 
maskable interrupt sequence be generated within the microprocessor. The NMI is 
sampled during @2; the current instruction is completed and the interrupt sequence 
begins during @1. The program counter is loaded with the interrupt vector from locations 
FFFA (low byte) and FFFB (high byte), thereby transferring program control to the non- 
maskable interrupt routine. 


Note - Since this interrupt is non-maskable, another NMi can occur before the first | is 
finished. Care should be taken when using NMI to avoid this. ae 
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SIGNAL DESCRIPTIONS (CONTINUED) | 


Signal Pin Signal 
Name Number Description 
RDY ae Ready —This input allows the user to single-cycle the microprocessor on all cycles, | 


including write cycles. A negative transition to the LOW state, during or coincident with _ 
@1, halts the microprocessor with the output address lines reflecting the current address 
being fetched. This condition remains through a subsequent @2 in which the ready signal 
is LOW. This feature allows micrprocessor interfacing with low-speed memory as well as 
direct memory access (DMA). » 


RW 34 Read/Write This signal is normally in the HIGH state, indicating that the microprocessor 
is reading data from memory or I/O bus. In the LOW state, the data bus has valid data 
from the microprocessor to be stored at the addressed memory location. 


Se) 38 Set Overflow — A negative transition on this line sets the overflow bit (V) in the processor 
status register. The signal is sampled prior to the leading edge of @2 by the processor 
control time (tRWS). 


RES 40 Reset —This input resets the microprocessor. Reset must be held LOW for at least two 
clock cycles after VCC reaches operating voltage from a power-down. A positive 
transition on this pin causes an initialization sequence to begin. Likewise, after the 
system has been operating, a LOW on this line of at least two cycles ceases___ 
microprocessing activity, followed by initialization after the positive edge on RES. 


~ When a positive edge is detected, there is an initialization sequence lasting six clock 
cycles. Then, the interrupt mask flag is set, the decimal mode is cleared, and the program 
~ counter is loaded with the restart vector from locations FFFC (low byte) and FFFD (high 
byte). This is the start location for program control. This input should be HIGH in normal 
operation. 


SYNC oo. Synchronize —This output line identifies those cycles during which the microprocessor is’ | 
| fetching the instruction operation code (op code). The SYNC line goes high during @1 of 
~ an opcode fetch and stays HIGH for the remainder of that cycle. If the RDY line is pulled 
LOW during the @1 clock pulse in which SYNC went HIGH, the processor stopsinits __ 
current state and remains in the state until the RDY line goes HIGH. In this manner, the 
SYNC signal can be used to control RDY to cause single instruction execution. 


AO-A15 9-25 Address Bus~A0-A15 forms a 16-bit address bus for memory and I/O exchanges on the 
; data bus. The output of each address line is TTL-compatible, capable of driving one 
standard TTL load and 130 pF. | 


D0-D7 te BB26B ve Data Bus—The data lines constitute an 8-bit bidirectional data bus used for data 
| = | exchanges to and from the device and peripherals. The outputs are three-state buffers 
| : capable of driving one TTL load and 130 pF. 
VCC 8 +5 V+5% power supply | 
VSS 1,21 | Digital ground | 


TABLE 2. VL65C02/VL65NC02 NO OPERATION (NOP) TIMING FOR UNDEFINED 


OPCODES 
_ Number of Bytes Expected | Number of 

gy 2 

1 4 
1 1* 

1 1 
1 1* 

2 3 

2 4 

2 4 

Notes: 2 4 
"X"— Don't care 3 8 
* — Applies to VL65NC02 only 3 4 
3 4 


(valid operation for VL65C02) 
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INSTRUCTION AND REGISTER 
DECODE 

Instructions fetched from memory are 
gated onto the internal data bus. These 
instructions are latched into the 
instruction register, then decoded, 
along with timing and interrupt signals, 
to generate control signals for the 
various registers. 


ARITHMETIC/LOGIC UNIT 

Ali arithmetic and logic operations take 
place in the ALU, including incrementing 
and decrementing internal registers 
(except the program counter). The ALU 
has no internal memory and is used only 
to perform logical and transient 
numerical operations. 


ACCUMULATOR 

The accumulator is a general-purpose 8- 
bit register that stores the results of 
most arithmetic and logic operations. In 
addition, the accumulator usually 
contains one of the two data words used 
in these operations. 

INDEX REGISTER 

There are two 8-bit index registers (X 
and Y) that may be used to count 
program steps or to provide an index 
value to be used in generating an 
effective address. 


When executing an instruction that 


specifies indexed addressing, the CPU 
fetches the op code and the base 
address, and modifies the address by 
adding the index register to it prior to 
performing the desired operation. Pre- 
or post-indexing of indirect addresses is 
possible (see addressing modes). 


STACK POINTER 

The stack poinier is an 8-bit register 
used to control the addressing of the 
variable-length stack on page one. The 
stack pointer is automatically 
incremented and decremented under 
control of the microprocessor to perform 
stack manipulations under direction of 
either the program or interrupts (NMI and 
IRQ). The stack allows simple 
implementation of nested sub-routines 
and mulitple-level interrupts. The stack 
pointer should be initialized before any 
interrupts or stack operations occur. 


PROCESSOR STATUS 
REGISTER 


The 8-bit processor status register con- 
tains seven status flags. Some of the 
flags are controlled by the program, 
others may be controlled by the program 
and the CPU. The VL65(N)C02 
instruction set contains a number of 


conditional branch instructions that are 
designed to allow testing of these flags. 


HARDWARE ENHANCEMENTS 
The VL65C02 family of CPU devices 
has incorporated hardware 
enhancements over its NMOS 
counterpart, the 6502. These hardware 
enhancements are: 

* The NMOS device would ignore the 
assertion of a Ready (RDY) during a 
write operation. The CMOS family 
stops the processor during ©2 clock 
if RDY is asserted during a write 
operation. 


On the NMOS device, unused input- 
only pins (IRQ, NMI, RDY, RES, and 
SO) must be connected to a low 
impedance signal to avoid noise 
problems. These unused pins on the 
CMOS devices are internally 
connected by a high-impedance to 


Vec (approximately 250 K-ohms). 


OPERATIONAL ENHANCEMENTS 
Tables 1 and 3 list the operational 
enhancements that have been added to 
the CMOS family of CPU devices and 
compares the results with its NUOS 
6502 counterpart. 


TABLE 3. SOFTWARE ENHANCEMENTS 


Function 


Indexed addressing across page boundary 


Execution of invalid opcodes 
Jump indirect, operand = XXFF 
Read/modify/write instructions at 
effective address 


Decimal flag 


Flags after decimal operation 


Interrupt after fetch of BRK instruction 


Extra read of last instruction byte | 


VL65C02 Microprocessor 


All are NOPs (reserved for future use) 


| Page address increments and adds 
one additional cycle 


Initialized to binary mode (D=0) 


after reset and interrupts 


Valid flag adds one additional cycle 


BRK is executed, then interrupt 
is executed 


NMOS 6502 Microprocessor 


Extra read of invalid address 


Some terminate only by reset; 
results are undefined 


Page address does not 
increment 


One read and two write cycles 
Indeterminate after reset 
Invalid N, V and Z flags 


Interrupt vector is loaded; 
BRK vector is ignored 
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ADDRESSING MODES 


The VL65(N)C02 CPU family has 15 
addressing modes (two more than the 
NMOS-equivalent family). In the 
following discussion of these 
addressing modes, a bracketed 
expression follows the title of the mode. 
This expression is the term used in the 
Instruction Set Opcode Matrix, Table 8, 
to make it easier to identify the actual 
addressing mode used by the 
instruction. 


ACCUMULATOR ADDRESSING 
[Accum]- This form of addressing 
isrepresented by a one-byte instruction, 
implying an operation on the 
accumulator. 

IMMEDIATE ADDRESSING 

[IMM] - In immediate addressing, the 
second byte of the instruction contains 
the operand, with no further memory 
addressing required. : 


ABSOLUTE ADDRESSING 
[Absolute] - In absolute addressing, the 
second byte of the instruction specifies 
the eight low-order bits of the effective 
address, while the third byte specifies 
the eight high-order bits. Thus, the 
absolute addressing mode allows 
access to the entire 64K bytes of 
addressable memory. 


ZERO PAGE ADDRESSING — 

[ZP] - The zero page instructions allow 
for shorter code and execution times by 
fetching only the second byte of the 
instruction and assuming a zero high 
address byte. Careful use of the zero 
page can result in a significant increase 
in code efficiency. 


INDEXED ZERO PAGED 
ADDRESSING 


[ZP, X, or Y] - (X, Y¥ Indexing) - This form 


of addressing is used with the index 
register and is referred to as "zero page, 
X" or "zeropage, Y". The effective 
address is calculated by adding the 
second byte to the contents of the index 
register. Since this is a form of "zero 
page” addressing, the content of the 


second byte references a location in 
page zero. Additionally, due to the "Zero 
page" addressing nature of this mode, 
no carry is added to the high-order eight 
bits of memory and crossing of page 
boundaries does not occur. 


INDEXED ABSOLUTE 
ADDRESSING 

[ABS, X, or Y] - (X, Y Indexing) - This 
form of addressing is used in 
conjunction with X and Y index register 
and is referred to as "absolute, X” and 
"absolute, Y". The effective address is 
formed by adding the contents of X or Y 
to the address contained in the second 
and third bytes of the instruction. This 
mode allows the index register to 
contain the index or count value and the 
instruction to contain the base address. 
This type of indexing allows any location 
referencing and the index to modify 
multiple fields, resulting in reduced 
coding and execution time. 


INDEXED ABSOLUTE INDIRECT 
[(IND), X] - (JMP (IND), X) - The 
contents of the second and third 
instruction bytes are added to the X 
register. The 16-bit result is a memory 
address containing the effective 
address. 


IMPLIED ADDRESSING 

[Implied] - In the implied addressing 
mode, the address containing the 
operand is implicity stated in the 
operation code of the instruction. 


RELATIVE ADDRESSING 

[Relative] - Relative addressing is used 
only with branch instructions and 
establishes a destination for the 
conditional branch. 


The second byte of the instruction 
becomes the operand, which is an 
“offset” added to the contents of the 
lower eight bits of the program counter 
when the counter is set at the next 
instruction. The 8-bit offset provides a 
branching range of -128 to +127 bytes 
from the next instruction. 


TABLE 4. INSTRUCTION SET SUMMARY 


Notes: 


1. Add 1 to “n” if page boundary is crossed, except STA and STZ. 
2. Add 1 ton” if branch occurs to same page. Add 2 to “n” if branch occurs to different page. 


3. Add 1 to “n” if decimal mode. 


4. Accumulator address is included in Implied address. 
5. "N" and “V" flags are unchanged in immediate mode. 


Index X 
Index Y 


zgzrv<-*x 


6. "2" flag indicates AAM result (same as BIT instruction). 
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Accumulator 
Memory per effective address V Or 
s Memory per stack pointer 


INDEXED INDIRECT 

ADDRESSING 

[(IND, X)] - In indexed indirect 
addressing, referred to as indirect, X, 
the second byte of the instruction is 
added to the contents of the X index 
register, discarding the carry. The 
result of this addition points to a memory 
location on page zero whose contents 
are the low-order eight bits of the 
effective address. The next memory 
location in page zero contains the high- 
order eight bits of the effective address. 
Both memory locations specifying the 
high-and low-order bytes of the effective 
address must be in page zero. 


INDIRECT INDEXED 

ADDRESSING 

[(IND), Y] - In indirect indexed 
addressing, referred to as indirect, Y, 
the second byte of the instruction points 
to a memory location in page zero. The 
contents of this memory location are 
added to the contents of the Y index 
register, the result being the low-order 
eight bits of the effective address. The 
carry from this addition is added to the 
contents of the next page zero memory 
location, the result being the high-order 
eight bits of the effective address. 


ABSOLUTE INDIRECT 

[Indirect] - The second byte of the 
instruction contains the low-order eight 
bits of a memory location. The high- 
order eight bits of that memory location 
are contained in the third byte of the 
instruction. The contents of the fully 
specified memory location are the low- 
order byte of the effective address. The 
next memory location contains the high- 
order byte of the effective address, 
which is loaded into the 16 bits of the 
program counter, (JMP (IND) only). 


INDIRECT 

{[(IND)] - The second byte of the 
instruction contains a zero page 
address serving as the indirect pointer. 
This is not available on the NMOS 6500 
family. 


+ Add n No. Cycles 
- Subtract # No. Bytes 
A And Me Memory Bit #6 


M7 Memory Bit #7 
¥ Exclusive or 
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TABLE 4. INSTRUCTION SET SUMMARY (CONTINUED) 


IMME-| ABSO-| ZERO (4) (1) (1) (1) i INDI- PROCESSOR 
PA ), ¥{ ZPG,X] ABS, RECT ZPG,Y| STATUS CODE 


OPERATION 
A+M+C-A 
AAM-A 
C-|7 0] -0 
BRANCH IF C=0 (2) 
BRANCH IF C=1 (2) 
BRANCH iF Z=1 (2) 
BIT |AAM (5) | 89)2)2] 2C1413] 24] 3/2 
BMI | BRANCH IF N=1 (2) 
BNE {| BRANCH IF Z=0 (2) 
BPL | BRANCH IF N=0 (2) 
BRA | BRANCH ALWAYS(2) 
BRK | BREAK 

BVC | BRANCH IF V=0 (2) 
BVS | BRANCH IF V=1 (2) 
CLC |0-C 


(3) 


DECREMENT 
X-1 + X 
Y-1-Y 
AVM -A 
INCREMENT 
X+1-X 
Yt ¥ 

JUMP TO NEW LOC 
JUMP SUB 

M-A 
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INSTRUCTION SET 
Table 5 lists the instruction set for the CMOS CPU family in alphabetic order according to mnemonic. Table 6 lists the hexadecimal 
codes for each of the instructions that are new to the CMOS family and were not available in the NMOS 6502 device family. Table 7 
__ lists those instructions that were available onthe NMOS oe but have been assigned new addressing modes in the CMOS CPU 


family. 


TABLE 5. INSTRUCTION SET LISTING (ALPHABETIC) 


Mnemonic pa Fumes || Hinemonto_| 


NOP | 


Notes: 


Add Memory to Accumulator with Carry 
| AND Memory with Accumulator | 
| Shift Left One Bit (Memory or Accumulator) (2) 


Branch on Bit Reset 

Branch on Bit Set 

Branch on Carry Clear (1) 
Branch on Carry Set (1) 
Branch on Result Zero 

Test Bits in Memory with Accumulator 

Branch on Result Minus | (1) 
Branch on Result not Zero | (1) 
Branch on Result Plus 
Branch Always 

Force Break 

Branch on Overflow Clear 
Branch on Overflow Set 


Clear Carry Flag 
Clear Decimal Mode 


| Clear Interrupt Disable Bit 


Clear Overflow Flag 


| Compare Memory and Accumulator 


Compare Memory and Index X 


| Compare Memory and Index Y 


Decrement Memory by One | 
Decrement Index X by One | (1) 
Decrement Index Y by One 


Exclusive-OR Memory with Accumulator 


| Increment Memory by One 


Increment Index X by One 


| Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return Address 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 


(1) CMOS Instruction not available on NMOS family. | 
(2) Previous NMOS instruction with additional addressing mode(s) added to the CMOS family. 
(3) VL65C02 instruction not available on VL65NCO2 


ORA 


PHA 
PHP 
PHX 
PHY 
PLA 
PLP 


PLX | 


PLY 


(1)(3) RMB 


Function 


No Operation 
OR Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Push X Register on Stack 

Push Y Register on Stack 

Pull Accumulator from Stack 

Pull Processor Status from Stack 
Pull X Register from Stack 


Pull Y Register from Stack 


Reset Memory Bit 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 


Return from Interrupt 
Return from Subroutine 


Subtract Memory from Accumulator with Borrow 


| Set Carry Flag 


Set Decimal Mode — 


| Set Interrupt Disable Status 


Set Memory Bit 
Store Accumulator in Memory 


| Store Index X in Memory 


Store Index Y in Memory 
Store Zero 


Transfer Accumulator to Index X 


| Transfer Accumulator to Index Y 


Test and Reset Bits 

Test and Set Bits 

Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 


ee 
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TABLE 6. HEXADECIMAL CODES (NEW CMOS FAMILY INSTRUCTIONS) 


Description 
80 Branch Relative Always (Relative) 
3A Decrement Accumulator (Accum) 
1A Increment Accumulator (Accum) 
DA Push X on Stack (Implied) 
5A Push Y on Stack (Implied) 
FA Pull X from Stack (Implied) 
7A Pull Y from Stack (Implied) 
9C Store Zero (Absolute) 
9E Store Zero (ABS, X) 
64 Store Zero (ZP) 
74 Store Zero (ZP, X) 
1c Test and Reset Memory Bits with Accumulator (Absolute) 
14 Test and Reset Memory Bits with Accumulator (ZP) 
0c Test and Set Memory Bits with Accumulator (Absolute) 
04 Test and Set Memory Bits with Accumulator (ZP) 
89 Test Immediate with Accumulator (IMM) 
OF-7F(1) Branch on Bit Reset (Bit Manipulation, ZP) 
8F-FF(1) Branch on Bit Set (Bit Manipulation, ZP) 
07-77(1) Reset Memory Bit (Bit Manipulation, ZP) 
87-F7(1) Set Memory Bit (Bit Manipulation, ZP) 
Note: 


(1) Most significant digit change only. Instruction not available on VL65C02. 


TABLE 7. HEXADECIMAL CODES (INSTRUCTIONS WITH NEW CMOS 
ADDRESSING MODES) 


Hex Description | 
72 Add Memory to Accumulator with Carry [(ZP)] 
32 AND Memory with Accumulator [(ZP)] | 
3C Test Memory Bits with Accumulator [ABS, X] 
34 Test Memory Bits with Accumulator [ZP, X] 

D2 Compare Memory and Accumulator [(ZP)} 

52 Exclusive-OR Memory with Accumulator [(ZP)] 
7C Jump (New addressing mode) [(IND), X] 

B2 Load Accumulator with Memory [(ZP)] 

12 OR Memory with Accumulator [(ZP)] 

F2 Subtract Memory from Accumulator with Borrow [(ZP)] 
92 Store Accumulator in Memory [(ZP)] 
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TABLE 8. INSTRUCTION SET OPCODE MATRIX | : | a | 
The following matrix shows the 210 op codes associated with the VL65(N)C02 family of CPU devices. The matrix identifies the 
hexadecimal code, the addressing mode, and the number of machine cycles associated with each op code. 


LSD 
O 0 1 2 3 4 5 6 7 8 
” ; 
= ORA TSB | ORA ASL | RMBO | PHP 
0 ied | (IND, X) i Zp zp zP ZP | Implied 
7 25123{125{72 5 1 3 
PL TRB | ORA ASL | RMB1 fF CLC 


ZP 2P,X | ZP, X zP Implied 
2 5 2 4 2 6 25 1 2 


BIT AND ROL | RMB2 | PLP 
ZP ZP zP zp Implied 


= 2 3 23 1 4 

BIT AND SEC 
3 (IND) ZP, X f ZP,X | Implied Accum 
2 5 24 2 4 1 2 3.4. 4 1 2 
EOR PHA LSR 
4 ZP zP zP Implied Accum 
2 3 2 5 2 5 1 3 1 2 
EOR EOR LSR RMB5 CLI |. EOR PHY 
5 | Relative | (IND) ZP,X | ZP,X zP Implied | ABS, Y } implied 
2 2" 2 5 24 2 6 25 1 2 1 3 
RTS STZ | ADC | ROR | RMBE] PLA ROR 
6 | Implied ZP { 2ZP zP ZP Implied {| Accum 
1 6 23 2 3t | 2 5 2 5 1464 1 2 
BVS ADC STZ ADC ROR | RMB7 SEI . PLY 
7 (IND) zP,x | zP,x | zP,x | ZP_ | implied Implied 
2 5t 2 4 2 4t 2 6 2 5 12 1 4: 
STY STA STX SMBO DEY TXA 
8 ZP . ZP . ZP zP Implied Implied 
2 3 23 2 3 2 5 1 2 1 2. 
STA STY STA STX SMB1 TYA TXS 
9 (IND) zP,X | ZP,X | ZP,Y ZP’ Implied Implied 
25 2.4 2 4 2 4 2 5 1 2 | 1 2 
LDX LDY LDA LDX SMB2 TAY TAX 
A IMM zP ZP 2P ZP Implied | Implied 
22 23 23 2 3 25 1 2 1 2 
LDA LDY | LDA | LDx | SmB3] CLV TSX 
B | Relative (IND) zP,X | ZP,X | ZP,Y ZP | Implied implied 
2 2" 2 4 2 4 2 4 2 5 1 20 11 2 
CPY CMP DEC SMB4 INY | .DEX 
Cc zP ZP ZP zP Implied | IMM |Implied 


2 3 2 3 2 5 25] 1 2 2 2 


re) nm 
= 
v oa 


cmp | DEC CLD | CMP 
D | Relative zP,X | ZP,X Implied | ABS, Y . 
2 2" 24/126 121/13 4 
CPX cpx | ssc | inc | smBe] INX | ssc | NOP cpx | ssc | INC | BBS6 
—E | IMM zP zP zP zP | implied | IMM | Implied ABS | ABS | ABS | ZP 
22 23/2 3t/25125141 2/2 al 2 34/3 4/3643 5" 
BEQ ssc | INC | sme7] seo | sec { PLX spc | INC | BBS7 
F | Relative ZP, X | ZP, X zP Implied | ABS, Y } Implied ABS, X | ABS, XJ ZP 
2 2" 24+} 26125141213 4at]}1 4 3 4+| 37413 5” 
0 1 2 3 4 5 6 7 8 9 A B Cc D E F 
0 


+Add 1 to N if in decimal mode. 


BRK | —OP Code : “Add 1 to N if page boundary is crossed. 
— New Opcode 0 | Implied | —Addressing Mode **Add 1 to N if branch occurs to same page; 
1 7 | —Instruction Bytes; Machine Cycles _ Add 2 to N if branch occurs to different page. 


Note: All of the op codes in column 7 and column F are interpreted as a NOP in the VL65NC02. 
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CRYSTAL/CLOCK CONSIDERATIONS 


Figure 1 shows a time base generation scheme for 4 MHz operation of the VL65C02 or VL65NC02 that has been tested and proven 
reliable for normal environments. As with any clock oscillator circuit, stray capacitance due to board layout can cause 


unpredictable results requiring "fine tuning" of the circuit. Figure 2 shows a possible external clock scheme for standby mode. 


Table 9 identifies nominal crystal parameters for five crystal frequencies. 


TABLE 9. CRYSTAL PARAMETERS 


Frequency (MHz) 
Parameter 3.58 4.0 6.0 
RS 


8.c 16.6 Jnits 


Peo [we | ee | mer | 00 
eS 5 


Note: AT-cut crystal parameters only. Ot hers may be used. 


FIGURE 1. TIME BASE GENERATOR 


1.5K 3.0K 


Note: CTS Knights MP Series or equivalent. 


FIGURE 2. STANDBY MODE 


STOP 
L=STANDBY 
H=ACTIVE 


TIME 
BASE 


STOPPING THE CLOCK-STANDBY MODE 


Caution must be exercised when configuring the VL65C02 or VL65NC02 in the standby mode (i.e., @0 (IN) clock stopped). The 


0 (IN) 
37 | VL65C02 
VL6SNCO2 | ,, 
@2 (OUT) 


ZO (IN) 
@2 (IN) 


SYNC 


CPU 


@2 (OUT)|—_» 


input clock can be held in the HIGH state indefinitely; however, if the input clock is held in the LOW state longer than five 
microseconds, internal register and data status can be lost. Figure 2 shows a circuit that stops the @0 (IN) (VL65C02 or 


VL65NC02) clock in the HIGH state during standby mode. 
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FIGURE 3. TIMING DIAGRAM 


20 (IN) 


@1 (OUT) — 


@2 (OUT) 


AO-A15, RW 
SYNC 


D0-D7 
(READ) 


DO-D7 
(WRITE) 


RDY ACTIVE tis 
aa hee a TRO, NM AESACTIVE 


tsOS 


Note: All timing is referenced from a HIGH level of 2.4 volts and a LOW level of 0.5 volts. | 
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AC CHARACTERISTICS: TA = 0°C to +70°C, VCC = +5 V+ 5% 


CLOCK TIMING 


ptMHe [2 MH 
Symbol Parameter Units 
iCH @2 HIGH Pulse Width 450 | - | = | = 
tSK2 0 to @2 LOW Skew } - | 50 | - | 50 | - [ 40 | - | 30 | ns 
tSK1 @2 LOW to @1 HIGH Skew | -20 | 20 | -20 | 20 | -20 | 20 | -20 | 20 | ns 
iR, tF Clock Rise and Fall Times | - | 2 | - | 20 | - | 1 | - | 12 | ns 


READ/WRITE TIMING 


Symbol Parameter 


Min [Max [Min [Max | 
tRWS R/W Setup Time } = | 125 | = | 100 | 
om 


tHRW R/W Hold Time _ P15 foe 

tADS Address Setup Time a | 125 

tHA Address Hold Time ) 15 | | 

tACC — Read Access Time . Pam. | 340 

tDSU Read Data Setup Time |} 100 | - | 

tHR _| Read Data Hold Time | 10 f= | edo 4 
{MDS Write Data Delay Time | - | 200 | - | ato] - | a | - | 

tHW Write Data Hold Time | 30 | - | 30 | - | 30 | - | 20 | 


— 
an 
> 
” 


5 


BG 
3S 
” 


CONTROL SIGNAL TIMING 


[in [ae | win [ wx [in [wax | in 


Notes: 
(1) VL65C02 and VL65NC02 minimum operating frequency is limited by @2 low pulse width. The processors can be stopped with 


re | [ 
ee: 
ss 


ns 


@2 held high. 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Operating . Stresses above those listed under operational sections of this 
Temperature - Commercial O°Cto+70°C —s “Absolute Maximum Ratings” may cause specification is not implied and 
-Industrial -40°Cto+85°C — permanent damage to the device. These exposure to absolute maximum rating 
ago om _ are stress ratings only. Functional conditions for extended periods may 

ee eae Get operation of this device at these or other affect device reliability. 

Supply Voltage to | : conditions above those indicated in the 

Ground Potential -0.310+7.0 V | | 

Applied Output 7 

Voltage ~ 0.3 to VCC +0.3-V | 

Applied Input : 

Voltage -0.3 to VCC + 0.3 V 


D.C. CHARACTERISTICS: TA = 0°C to +70°C, VCC = +5.0 V + 5% (Notes 1, 2, 3) 


@0 (IN) 
VIH Input HIGH Voltage 
| All Other Inputs 


@0 (IN) 
VIL Input LOW Voltage 
~All Other Inputs 
| | @O (IN) 


Typ Test Conditions 

VCC + 0.3 

VCC + 0.3 
+ 0.4 


+ 0.8 


VIN = 0 V to +5.25 V 


Input Leakage 


— TIN NMI, IRQ, RDY VCC = 0V 
Cc ’ alles 3 : ’ 
ak RES,SO. | 
ITSI Three-State (Off-State) Input Current VIN = 0.4 V to +2.4 V 
D7 - DO | VCC = +5.25 V 
VOH Output HIGH Voltage VCC = +4.75 V - 
SYNC, D7-D0, A15-A0, RW, 21, @2 ILOAD = -100 pA 
VOL Output LOW Voltage = 40.4 VCC =+4.75V 
SYNC, D7-DO, A15-A0, RW, @1, O2 ILOAD = 1.6 pA 
a | | Standby (4) | VCC = +5.0 V © 
| Active (5) mA/MHz 
ICC Supply Current 


oO 


oO 


Active (6) 


| NMi, IRQ, SO, RDY 
CIN Input Capacitance 

0 (IN) : 
clo \/O Capacitance - D7-D0, 01, @2 


COUT Output Capacitance - A15-A0, R/W, SYNC 


mA/MHz {| RDY=0V 


VCC = 45.0 V, 
pF VIN =0V, 
0 f=1 MHz, 


TA=25°C 


oO 
Ze) 
nl 


—_, 
. 
— 


Notes: 

(1) All units are direct current (D.C.). 

(2) A negative sign indicates outward current flow, positive indicates inward flow. 
(3) IRQ and NMI require an external pull-up resistor. 

(4) Typical values are shown for VCC = +5.0 V and TA = +25°C. 

(5) Typical value for power estimation only; dependent on frequency of operation. 
(6) Maximum value for power consumption; independent of frequency of operation. 
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CMOS 16-BIT MICROPROCESSOR FAMILY 


FEATURES 


« Advanced CMOS design for low power 
consumption and increased noise 
immunity 

Single 3 - 6 V power supply, 5 V 
specified 

Emulation mode allows complete 
hardware and software compatibility 
with 6502 designs 
24-bit address bus allows access to 
16M Bytes of memory space 

Full 16-bit ALU, Accumulator, Stack 
Pointer, and Index Registers 

Valid Data Address (VDA) and Valid 
Program Address (VPA) output allows 
dual cache and cycle steal DMA 
implementation 


Vector Pull (VP) output indicates when 
interrupt vectors are being addressed 
May be used to implement vectored 
interrupt design 

ABORT input and associated 

vector supports interrupting any 
instruction without modifying internal 
registers 

Separate program and data bank 
registers allow program segmentation | 


PIN DIAGRAMS 


VL65C816 

VPC_] 1 40 (_] RES 

RDYC_] 2 39 [J] vDA 
ABORT C_] 3 38 C_) M/x 

iRQqC_] 4 37 [J 62 (IN) 
MLC 5 36 [—) BE 
NMiIC— 6 35 Je 
vPpAC_] 7 34 [J R/W 
Vool_] 8 33 [J] DO/BAO 

AoC] 32 (—] D1/BA1 


31 [") D2/BA2 
30 [”) D3/BA3 
29 [7 D4/BA4 
28 [7 DS5/BA5 
27 [J D6/BA6 
26 [7 D7/BA7 


A716 25 [> A15 
A8(__)17 2477) A14 
A9 [_) 18 23 [) A13 
A10 C_J19 22 (7) A12 
A11(_j20 217") Vss 


¢ New Direct Register allows "zero page" 
addressing anywhere in first 64K 

bytes 

24 addressing modes: 13 original 6502 
modes plus 11 new addressing 

modes, with 91 instructions using 255 
opcodes 


New Wait for Interrupt (WAI) and Stop 
the Clock (STP) instructions further 
reduce power consumption, decrease 
interrupt latency and allow 
synchronization with external events 


¢ New Co-Processor instruction (COP) 
with associated vector supports co- 
processor configurations (i.e., floating 
point processors) 


DESCRIPTION 

The VLSI VL65C802 and VL65C816 are 
CMOS 16-bit microprocessors featuring 
total software compatibility with their 8- 
bit NMOS and CMOS 6500-series 


‘predecessors. The VL65C802 is pin-for- 


pin compatible with 8-bit devices 
currently available, while the VL65C816 
extends addressing to a full 16 
megabytes. These devices offer the 
many advantages of CMOS technology, 


including increased noise immunity, 
higher reliability, and greatly reduced 
power requirements. A software switch 
determines whether the processor is in 
the 8-bit “emulation” mode or in the 
"native" mode, thus allowing existing 
systems to use the expanded features. 


Tne Accumuiator, ALU, X and Y Index 
registers, and Stack Pointer Register 
have all been extended to 16 bits. A 
new 16-bit Direct PageRegister 
augments the Direct Page addressing 
mode (formerly Zero Page addressing). 
Separate Program Bank and Data Bank 
Registers allow 24-bit memory 
addressing. 


Four new signals provide the system 
designer with many options. The 
ABORT input can interrupt the currently 
executing instruction without modifying 
internal registers. Valid Data Address 
(VDA) and Valid Program Address (VPA) 
outputs facilitate dual cache memory by 
indicating whether a data segment or 
program segment is accessed. 
Modifying a vector is made easy by 
monitoring the Vector Pull (VP) output. 


ORDER INFORMATION 


Part 


VL65C802 Number 


| Clock 
Frequency Package 


1 
2 
3 
4 
5 
6 
7 
8 
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VL65C802-02PC 
VL65C802-02CC 
VL65C816-02PC 
VL65C816-02CC 
VL65C802-04PC 


~ VL65C802-04CC 


VL65C816-04PC 
VL65C816-04CC 
VL65C802-06PC 
VL65C802-06CC 
VL65C816-06PC 
VL65C816-06CC 
VL65C802-08PC 
VL65C802-08CC 
VL65C816-08PC 
VL65C816-08CC 


| 


Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


Wh VL65C816-VL65C802 


| BLOCK DIAGRAM 


INDEX X 
(16 BITS) 


A0-A7 CF 


ADDRESS BUFFER (LOW) | 


BE (816) 


TRANSFER — 
SWITCHES 


ACCUMULATOR 
(C) (16 BITS) 
(A) (8 BITS) 
(B) (8 BITS) 


A8-A15 


’ ADDRESS BUFFER (HIGH) 
INTERNAL ADDRESS BUS (16 BITS) 


BE (816): 


D0-D7 (802) 
D0/BA0-D7/BA7 (816) 


DATA BUS/BANK ADDRESS BUFFER | 


ge DATA 
LATCH/ © 
E x i iS | PREDECODE 


BE (816) . 


FIGURE 1. STATUS REGISTER 


ocean 
J1/ 8. E | 


EMULATION 1 = 6502 _ 


NVMXD12ZC O= NATIVE: 
be ae | CARRY  1=TRUE 
ZERO 1 = RESULT ZERO 
IRQDISABLE _‘_1= DISABLE 
DECIMAL MODE _ 1=TRUE 


INDEX REG. SELECT 
MEMORY SELECT 
OVER FLOW 

NEGATIVE 


1 = 8 BIT,0= 16BIT 
1=8BIT0=16BIT 
1= TRUE 

1 = NEGATIVE 


INTERNAL SPECIAL BUS (16 BITS) 


PROG. BANK (PBR) Cam 
DATA BANK (DBR) rae os 
PREDECODE 


opened aaey 


o 
E 
.) 
= 9 
a 4 a Q 
2 a og fe) 
a ze oz O ERATOR | 
< uw Woy Wy 
K rs op os 
a 2 zz za 
a < os ow 
< c eu rz 
z a 06 C= 
« fed > ' 32 
: £ | gz] e 
z a aD 2 

6 = z 

Ww 
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SYSTEM 
CONT. 


PROCESSOR 
STATUS (P) 
(8 BITS) 


INSTRUCTION REGISTER 
(8 BITS) 


SO (802) 


FIGURE 2. PROGRAMMING MODEL 


X Register Hi 
(XH) 


Fearne pele Sr Pot ny X Register Low 


iss en ae Y Register Hi (Y) Y Register Low 
L—_ (OBR) (YH) (YL) 


a ae ~ TStack Register Hi,L, Stack Reg. Low 
2 00'S & (SH) |) tj 
= 6502 Accumulator (C) Accumulator 
Registers 
Program Bank Reg| = Program (PC) Counter 
(PBR) (PCH) (PCL) 
 Sacamieeiaaias “ Direct Reg. Hi Direct Reg. Low 
[ 00 (DH) (D) (DL) 


ABORT (816) 
iRQ 
INTERRUPT 
LOGIC Mi 
RES ———— 


- Voo 


Vss 


. RDY 


2 (IN) 
$1 (OUT) (802) 


2 (OUT) (802) 


 R/W 


SYNC (802) 


VPA (816) 


VDA (816) 
ML (816) 
VP (816) 
E (816) 


M/X (816) 
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SIGNAL DESCRIPTIONS 


Signal 
Name 


Signal 


Description 


Abort (ABORT) 
(VL65C816) 


Address Bus (A0-A15) 


Bus Enable (BE) 
(VL65C816) 


Data Bus (D0-D7) 
(VL65C802) 


Data/Address Bus 
(D0/BA0-D7/BA7) 
(VL65C816) 


Emulation Status (E) 
(VL65C816) 


Interrupt Request 
(IRQ) 


Memory Lock (ML} 
(VL65C816) 


Memory/Index Select 
Status (M/X) 
(VL65C816) 


Non-Maskable 
Interrupt (NMI) — 


Phase 1 Out [a1 
(OUT)] (VL65C802) 


Phase 2 In [a2 (IN)] 


Phase 2 Out [a2 


_ (OUT)] (VL65C802) — 


The Abort input is used to abort instructions (usually due to an Address Bus condition). A negative 
transition will inhibit modification of any internal register during the current instruction. Upon completion 
of this instruction, an interrupt sequence is initiated. The location of the aborted opcode is stored as 
the return address in stack memory. The Abort vector address is OOFFF8, 9 (Emulation Mode) or 
OOFFE8, 9 (Native mode). Since ABORT is an edge-sensitive input, an Abort occurs whenever there is 
a negative pulse (or level) on the ABORT line during a phase 2 clock. 


These 16 output lines form the Address Bus for memory and I/O exchange on the Data Bus.. When 
‘using the VL65C816, the address lines may be set to the high- -impedance state by the Bus Enable (BE) 
signal. 


The Bus Enable input signal allows external control of the Address and Data Buffers, as well as the RAW 
signal. With Bus Enable high, the R/W and Address Buffers are active. The Data/Address Buffers are 
active during the first half of every cycle and the second half of a write cycle. When BE is low, these 
buffers are disabled. Bus Enable is an asynchronous signal. 


The eight Data Bus lines provide an 8-bit bidirectional Data Bus for use during data exchange between 
the microprocessor and external memory or peripherals. Two memory cycles are required for the 
transfer of 16-bit values. 


These eight lines multiplex address bits BAO-BA7 with the data value. The address is present during 
the first half of a memory cycle, and the data value is read or written during the second half of the 
memory cycle. Two memory cycles are required to transfer 16-bit values. These lines may be Set to the 
high impedance state by the BE signal. 


The Emulation Status output reflects the state of the Emulation (E) Mode flag in the Processor Status 
(P) Register. This signal may be thought of as an op code extension and used for memory and system 


-management. 


The Interrupt Request input signal is ee to request that an interrupt sequence be initiated. When the 
IRQ Disable (1) Flag is cleared, a low input logic level initiates an interrupt sequence after the current 
instruction is completed. The Wait for Interrupt (WAI) instruction may be executed to ensure the 
interrupt is recognized immediately. The Interrupt Request vector address is OOFFFE,F (Emulation 
Mode) or OOFFEE,F (Native mode). Since IRQ is a level-sensitive input, an interrupt occurs if the 
interrupt source was not cleared since the last interrupt. Also, no interrupt occurs if the interrupt 
source is cleared prior to interrupt recognition. 


The Memory Lock output may be used to ensure the integrity of Read-Modify-Write instructions ina 
multiprocessor system. Memory Lock indicates the need to defer arbitration of the next bus cycle. 
Memory Lock is low during the last three or five cycles of ASL, DEC, INC, LSR, ROL, ROR, TRB, and 
TSB memory referencing instructions, depending on the state of the M flag. 


This multiplexed output reflects the state of the Accumulator (M) and Index (X) Select Flags (bits 5 and 
4 of the Processor Status (P) Register). Flag M is valid during the Phase 2 clock negative transition and 
Flag X is valid during the Phase 2 clock positive transition. These bits may be thought of as opcode 
extensions and may be used for memory and system management. 


A negative transition on the NMI input initiates an interrupt sequence. A high-to-low transition initiates 
an interrupt sequence after the current instruction is completed. The Wait for Interrupt (WAI) 
instruction may be executed to ensure that the interrupt will be recognized immediately. The Non- 
Maskable Interrupt vector address is OOFFFA,B (Emulation Mode) or OOFFEA,B (Native Mode). Since 
NMI is an edge-sensitive input, an interrup occurs if there is a negative transition while servicing a 
previous interrupt. Also, no interrupt occurs if NMI remains low. 


This inverted clock output signal provides timing for external read and write operations. Executing the 
Stop (STP) instruction holds this clock in the low state. 


This is the system clock input to the microprocessor internal clock generator (equivalent to 20 (IN) on 
the 6502). During the low-power Standby Mode, o2 (IN) should be held in the high state to preserve the 
contents of internal registers. 


This clock output signal provides timing for external read and write operations. Addresses are valid 
after the address setup time (Tads), following the negative transition of @2 (Out). Executing the or) 
instruction holds 2 (Out) in the high state. 
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SIGNAL DESCRIPTIONS (CONTINUED) 


Signal. 
Name 


Read/Write (R/W) 


Ready (RDY) 


Reset (RES) 


Set Overflow (SO) 
(VL65C802) 
Synchronize (SYNC) 
(VL65C802) 


Valid Data Address 
(VDA) and Valid 
Program Address 
(VPA) (VL65C816) 


VDD and VSS 


Vector Pull (VP) 
(VL65C816) 


Signal 
Description 


When the R/W output signal is in the high state, the microprocessor is reading data from memory or I/O. 
When in the low state, the Data Bus contains valid data from the microprocessor that is to be stored at 
the addressed memory location. When using the VL65C816, the R/W signal may be set to the high 
impedance state by Bus Enable (BE). 


This bidirectional signal indicates that a Wait for Interrupt (WAI) instruction has ean executed allowing 
the user to halt operation of the microprocessor. A low input logic level will halt the microprocessor in its 
current state (note that when in the Emulation Mode, the VL65C802 stops only during a read cycle). 
Returning RDY to the active high state allows the microprocessor ta continue following the next Phase 2 
In clock negative transition. The RDY signal is internally pulled low following the execution of a Wait for 
Interrupt (WAI) instruction, and then returned to the high state when a RES, ABORT, NMI, or IRQ 
external interrupt is provided. This feature may be used to eliminate interrupt latency by placing the 
WAI instruction at the beginning of the IRQ servicing routine. If the IRQ Disable Flag has been set, the 
next instruction is executed when the IRQ occurs. The processor does stop after a WAI instruction if 
RDY has been forced to a high state. The Stop (STP) instruction has no effect on RDY. 


The Reset input is used to initialize the microprocessor and start program execution. The Reset input 
buffer has hysteresis such that a simple R-C timing circuit may be used with the internal pullup device. 
The RES signal must be held low for a least two clock cycles after VDD reaches operating voltage. 
Ready (RDY) has no effect while RES is being held low. During this Reset conditioning period, the 
following processor initialization takes place: 


Registers 
—D = 0000 . SH = 01 
DBR = 00 XH .= 00 
PBR = 00 YH = 00 

N V M X D 1 Z@ CL . 
p = ae ee ee ee */1| * = Not Initialized 
STP and WAI instructions are cleared. 
Signals 

E =1 , VDA =0 
M/X = 1 VP =1 
R/W = 1 VPA =0 
SYNC= 0 


When Reset is brought high, an interrupt sequence is initiated: 
¢ R/W remains in the high state during the stack address cycles. 
¢ The Reset vector address is OOF FFC,D. 


A negative transition on this input sets the Overflow (V) Flag, bit 6 of the Processor Status (P) Register, 


The SYNC output is provided to identify those cycles during which the microprocessor is fetching an 
opcode. The SYNC signal is high during an opcode fetch cycle, and when combined with Ready (RDY), 
can be used for single instruction execution. 


These two output signals indicate the type of memory being accessed by the address bus. The 
following coding applies: : 


VDA | VPA 7 | , 
0 0 Internal operation - Address and Data Bus available. 
0 1 Valid program address - May be used for program cache control. 
1 0 Valid data address - May be used for data cache control. 
1 1 Op code fetch - May be used for program cache control and single 
step control. 


VDD is the positive supply voltage and VSS is soHeii logic ground. Pin 21 of the two VSS pins on the 
VL65C802 should be used for system ground. 


The Vector Pull output indicates that a vector location is being addressed during an interrupt sequence. 
VP is low during the last two interrupt sequence cycles, during which time the processor reads the 
interrupt vector. The VP signal may be used to select and prioritize interrupts from several sources by 
modifying the vector addresses. 
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FUNCTIONAL 
DESCRIPTION 


The VL65C802 offers the design 
engineer the opportunity to utilize both 
existing software programs and 
hardware configurations, while also 
achieving the added advantages of 
increased register lengths and faster 
execution times. The VL65C802 “ease 
of use" design and implementation 
features provide the designer with 
increased flexibility and reduced 
implementation costs. In the Emulation 
Mode, the VL65C802 not only offers 
software compatibility, but is also 
hardware (pin-for-pin) compatible with 
6502 designs. It provides the 
advantages of 16-bit internal operation 
in 6502-compatible applications. The 
VL65C802 is an excellent direct 
replacement microprocessor for 6502 
designs. 


The VL65C 816 provides the design 
engineer with upward mobility and 
software compatibility in applications 

in which a 16-bit system configuration is 
desired. The VL65C816 16-bit hardware 
configuration, coupled with current 
software, allows a wide selection of 
system applications. In the Emulation 
Mode, the VL65C 816 offers many 
advantages, including full software 
compatibility with 6502 coding. In 
addition, the powerful VL65C816 
instruction set and addressing modes 
make it an excellent choice for new 16- 
bit designs. 


Internal organization of the VL65C802 
and VL65C816 can be divided into two 
parts: 1) the Register Section, and 2) 
the Control Section. Instructions (or op 
codes) obtained from program memory 
are executed by implementing a series 
of data transfers within the Register 
Section. Signals that cause data 
transfers to be executed are generated 
within the Control Section. Both the 
VL65C802 and VL65C816 have a 16-bit 
internal architecture with an 8-bit 
external data bus. 


INSTRUCTION REGISTER 

An opcode enters the processor on the 
Data Bus and is latched into the 
Instruction Register during the 
instruction fetch cycle. This instruction 
is then decoded, along with timing and 
interrupt signals, to generate the 
various Instruction Register control 
signals. 


TIMING CONTROL UNIT (TCU) 

The Timing Control Unit keeps track of 
each instruction cycle as it is executed. 
The TCU is set to zero each time an 
instruction fetch is executed, and is 
advanced at the beginning of each cycle 
for as many cycles as is required to 
complete the Instruction. Each data 
transfer between registers depends 
upon decoding the contents of both the 
Instruction Register and the Timing 
Control Unit. 


ARITHMETIC LOGIC UNIT (ALU) 

All arithmetic and logic operations take 
place within the 16-bit ALU. In addition 
to data operations, the ALU also 
calculates the effective address for 
relative and indexed addressing modes. 
The result of a data operation is stored 
in either memory or an internal register. 
Carry, Negative, Overflow and Zero 
Flags may be updated following the ALU 
data operation. 


INTERNAL REGISTERS (Refer to 
figure 2, Programming Model.) 


ACCUMULATORS (A, B, C) 

The Accumulator is a general purpose 
register that stores one of the operands, 
ar the result of most arithmetic and 
logical operations. In the Native Mode 
(E=0), when the Accumulator Select Bit 
(M) equals zero, the Accumulator is 
established as 16 bits wide (A+B=C). 
When the Accumulator Select Bit (M) 
equals one, the Accumulator is eight 
bits wide (A). In this case, the upper 
eight bits (B) may be used for temporary 
storage in conjunction with the 
Exchange B and A Accumulator (XBA) 
instruction. 


DATA BANK REGISTER (DBR) 
During modes of operation, the 8-bit 
Data Bank Register holds the default 
bank address for memory transfers. 
The 24-bit address is composed of the 
16-bit instruction effective address and 
the 8-bit Data Bank address. The 
register value is mulitplexed with the 
data value and is present on the 
Data/Address lines during the first half 
of a data transfer memory cycle for the 
VL65C816. The Data Bank Register is 
initialized to zero during Reset. 


DIRECT (D) 

The 16-bit Direct Register provides an 
address offset for all instructions using 
direct addressing. The effective bank 
zero address is formed by adding the 8- 
bit instruction operand address to the 


Direct Register contents. The Direct 
Register is initialized to zero during 
Reset. 


INDEX (X AND Y) 

There are two Index Registers (X and Y), 
which may be used as general-purpose 
registers or to provide an index value for 
calculation of the effective address. 
When executing an instruction with 
indexed addressing, the microprocessor 
fetches the opcode and the base 
address, and then modifies the address 
by adding the Index Register contents 
to the address prior to performing the 
desired operation. Pre-indexing or post- 
indexing of indirect addresses may be 
selected. In the Native Mode (E=0), 
both Index Registers are 16 bits 

wide If the Index Select Bit (X) equals 
zero. If the Index Select Bit (X) equals 
one, both registers are 8 bits wide, and 
the high byte is forced to zero. 
PROCESSOR STATUS (P) 

The 8-bit Processor Status Register 
contains status flags and mode select 
bits. The Carry (C), Negative (N), 
Overflow (V), and Zero (Z) status flags 
serve to report the status of most ALU 
operations. These status flags are 
tested by use of Conditional Branch 
instructions. The Decimal (D), IRQ 
Disable (I), Memory/Accumulator (M), 
and Index (X) bits are used as mode 
select flags. These flags are set by the 
program to change microprocessor 
operations. 


The Emulation (E) Select and the Break 
(B) flags are accessible only through the 
processor Status Register. The 
Emulation mode select flag is selected 
by the Exchange Carry and Emulation 
Bits (XCE) instruction. Table 1, 
Compatibility Issues, illustrates the 
features of the Native (E=0) and 
Emulation (E=1) Modes. The M and X 
flags are always equal to one in the 
Emulation Mode. When an interrupt 
occurs during the Emulation Mode, the 
Break Flag is written to stack memory as 
bit 4 of the Processor Status Register. 


PROGRAM BANK REGISTER 

(PBR) 

The 8-bit Program Bank Register holds 
the bank address for all instruction 
fetches. The 24-bit address consists of 
the 16-bit instruction effective address 
and the 8-bit Program Bank address. 
The register value is multiplexed with the 
data value and presented on the 
Data/Address lines during the first half 
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of aprogram memory read cycle. The | 
Program Bank Register is initialized to 
zero during Reset. The PHK instruction 
pushes the PBR register onto the Stack. 


PROGRAM COUNTER (PC) 

The 16-bit Program Counter Register 
provides the addresses that are used to 
step the microprocessor through 
sequential program instructions. The 


register is incremented each time an 
instruction or operand i is fetched from 
program memory. 


STACK POINTER (S) | 

The Stack Pointer is a 16-bit register 
that is used to indicate the next 
available location in the stack memory 
area. It serves as the effective address 
in stack addressing modes as well as 


subroutine and interrupt processing. 

The Stack Pointer allows simple © 
implementation of nested subroutines 
and multiple-level interrupts. During the 
Emulation Mode, the Stack Pointer high- 
order byte (SH) is always equal to one. 
The bank address for all stack 
operations is bank zero. 


PIN DESCRIPTIONS 


Pin : : Dicecription 
AO-A15.——~*ésd:«SC Address: Bs 
ABORT ~ Abort Input 

BE | . Bus Enable . 
p2(IN) | Phase 2 In Clock 

$1 (OUT) . Phase .1 Out Clock 
2 (OUT) | Phase 2 Out Clock 
DO-D7 sea ‘Data Bus 
D0/BA0-D7/BA7 Data Bus, Multiplexed 
E . -, | Emulation Select 
RQ . | Interrupt Request 

ML | Memory Lock 

M/X Mode Select (Pm or Px) 
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Description 

No Connection 
Non-Maskable Interrupt 
Ready | 

Reset 

Read/Write 

Set Overflow 
Synchronize . 

Valid Data Address 
Vector Pull 

Valid Program Address 
Positive Power Supply (+5 Volts) 
internal Logic Ground 
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TABLE 1. COMPATIBILITY ISSUES 


1 


_ § (Stack) 


2. X (X Index Register) 


3. Y (Y Index Register) 


4. A (Accumulator) 


5. P (Flag Registor) 


6. 


Timing 
A. 


B. Jump Indirect 
Operand = XXFF 


C. Branch Across Page 


D. Decimal Mode 


. BRK Vector 


. Interrupt or Break 


Bank Address 


. Memory Lock (ML) 


. Indexed Across Page 


Boundary (d),y; a,x; a,y 


. RDY Pulled During Write 


Cycle. 


. WAL and STP Instructions. 
. Unused OP Codes 


. Bank Address Handling 
_R/W During Read-Modify- 


Write Instructions 


. Pin7 


. COP Instruction 


ABS, X ASL, LSR, ROL, 
ROR With No Page Crossing 


me 65C816/802 65C02 


Always page 1 (E = 1), 8 bits Always page 1, 8 bits 

16 bits when (E = 0). 
Indexed page zero always in Always page 0 
page 0 (E = 1), 


Cross page (E = 0). 


Indexed page zero always in 
page C(e- 7) 

Cross page (E = 0). 

8 bits (M = 1), 16 bits (M = 0) 
N, V, and Z flags valid in 


decimal mode. 
D = 0 after reset or interrupt. 


Always page 0 


N, V, and Z flags valid in 
decimal mode. 

D = 0 after reset and 
interrupt. 


7 cycles 6 cycles 


5 cycles 6 cycles 


4 cycles (E = 1) 4 cycles 


3 cycles (E = 0) 
No additional cycle 


OOFFFE,F (E = 1) BRK bit = 0 
on stack if RQ, NMI, ABORT. 
OOFFE6, 7 (E=0) X=Xon 
Stack always. 


PBR not pushed (E = 1) 
RTI PBR not puiled (E = 1) 
PBR pushed (E = 0) 

RT! PBR pulled (E = 0) 


ML = 0 during Read, Modify and 
Write cycles. 
Extra read of invalid address. 


Ignored (E=1) for 65C802 only. 
Processor stops (E = 0). 


Available 


One reserved OP Code specified 
as WDM will be used in future 
65C816 performs 


Add 1 cycle 


FFFE,F BRK bit = 0 on stack 
if IRQ, NMI. 


Not available 


ML =0 during Modify and Write. 


Extra read of last instruction 
fetch. 


Processor stops 


Available 
No operation 


systems. The 
a no-operation. 


PBR = 00 after reset or interrupts. 


E = 1, R/W = O during Modify and 


Not available 
R/W =0 only during Write cycle 


Write cycles. 
E = 0, R/W = 0 only during 
Write cycle. 


65C802 = SYNC. SYNC 
65C816 = VPA 


Available Not available 


Signatures 00-7F user defined 


Signatures 80-FF reserved 
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NMOS 6502 
Always page 1, 8 bits 


Always page 0 
Always page 0 


8 bits 


N, V, and Z flags invalid 

in decimal mode. 

D = unknown after reset. 

D not modified after interrupt. 


7 cycles 


5 cycles and invalid page 
crossing 

4 cycles 

No additional cycle 


FFFE,F BRK bit = 0 on stack 
if IRQ, NMI. 


Not available 


Not available 

Extra read of invalid address. 
Ignored 

Not available 


Unknown and some “hang 
up” processor. 


Not available 


R/W =0 during Modify and 
Write cycles. 


SYNC 


Not available 
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TABLE 2. INSTRUCTION SET — ALPHABETICAL SEQUENCE 


ADC 
AND 
ASL 
BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 
BRA 
BRK 
BRL 
BVC 
BVS 
CLC 
CLD 
CLI 


PER 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator 

Shift One Bit Left, Memory or Accumulator 
Branch on Carry Clear (Pc = 0) 

Branch on Carry Set (Pc = 1) 

Branch if Equal (Pz = 1) 

Bit Test 

Branch if.Result Minus (PN = 1) 

Branch if Not Equal (Pz = 0) 

Branch if Result Plus (PN = 0) 


Branch Always 


Force Break 


. Branch Always Long 


Branch on Overflow Clear (Pv = 0) 
Branch on Overflow Set (Pv = 1) 
Clear Carry Flag 

Clear Decimal Mode 

Clear interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Coprocessor 

Compare Memory and Index X 
Compare Memory and Index Y 
Decrement Memory or Accumulator by One 
Decrement Index X by One 


‘Decrement Index Y by One 


“Exclusive OR” Memory with Accumulator 
Increment Memory or Accumulator by One 
increment Index X by One 

Increment Index Y by One 

Jump Long 

Jump to New Location 

Jump Subroutine Long 

Jump to New Location Saving Return Address 
Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 
Block Move Negative 


~ Block Move Positive © 


No Operation 

“OR” Memory with Accumulator _ ; 

Push Effective Absolute Address on Stack (or Push Immediate 
Data on Stack) 

Push Effective Indirect Address on Stack (or Push Direct 

Data on. Stack) Es 

Push Effective Program Counter Relative Address on Stack 


For alternate mnemonics, see Table 7. 


Push Accumulator on Stack 

Push Data Bank Register on Stack 

Push Direct Register on Stack 

Push Program Bank Register on Stack 

Push Processor Status on Stack 

Push Index X on Stack 

Push Index Y on Stack 

Pull Accumulator from Stack 

Pull Data Bank Register from Stack 

Pull Direct Register from Stack 

Pull Processor Status from Stack 

Pull Index X from Stack 

Pull Index Y form Stack 

Reset Status Bits 

Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt 

Return from Subroutine Long 

Return from Subroutine 

Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Processor Status Bite 

Store Accumulator in Memory 

Stop the Clock | 

Store Index X in Memory 

Store Index Y in Memory 

Store Zero in Memory 

Transfer Accumulator to Index X 

Transfer Accumulator to Index Y 

Transfer C Accumulator to Direct Register 
Transfer C Accumulator to Stack Pointer Register 
Transfer Direct Register to C Accumulator 
Test and Reset Bit 

Test and Set Bit 

Transfer Stack Pointer Register to C Accumulator 
Transfer Stack Pointer Register to index X 
Transfer Index X to Accumulator 

Transfer Index X to Stack Pointer Register 
Transfer Index X to Index Y 

Transfer Index Y to Accumulator 

Transfer Index Y to Index X 

Wait for Interrupt 

Reserved for Future Use 

Exchange B and A Accumulator 

Exchange Carry and Emulation Bits 


TABLE 3. VECTOR LOCATIONS 


E=1 E=0 

OOFFFE,F —IRQ/BRK — Hardware/Software OOFFEE,F —IRQ Hardware 
OOFFFC,D—RESET Hardware OOFFEC,D—(Reserved) | 
OOFFFA,B —NMI Hardware OOFFEA,B—NMI Hardware 
OOFFF8,9 —ABORT Hardware OOFFE8,9 —ABORT Hardware 
OOFFF6,7 —(Reserved) OOFFE6,7 —BRK Software 
OOFFF4,5 —COP Software OOFFE4,5 —COP Software 


The VP output is low during the two cycles used for vector location access. 
When an interrupt is executed, D = 0 and | = 1 in Status Register P. 
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TABLE 4. OPCODE MATRIX 


—_ ae ee . 
3 4 


ae a,x ORA al, 
4*5 


AND a ile AND al 2 
3 4 4*5 

x | AND a,x preg AND al, 3 
3 4 4*5 


ORAd One a) Eee os en = 
2 3 3 2{1*4 


d |ORA d,x gigs ee Waly oe ii INCA 'S. 
Sy z 1 


;? 
ROL d AND {d} a s ue # ae PLD 
2 5 2*6 4 2 


2 

A 

ea BIT dx AND d,x ce AND Id], y SEC i oa oe A 
Y 5 2*6 ve *2 
A 


* 
TSC i 

1*9 

a (dn WDM FOR ds wee EORd Ee EOR [d] ee Ent ri PHK s 
ae > *4 2 3 2*6 211%*3 

TCD i 

1*9 


D 
o|o 
ro 


ae s oo d 


Ona (a x) | COPs 
2*8 


i) 
e 
(o>) 


3°%6 


gi . x) | JSL al Ne d,s BITd | ANDd 
2 3 


w 
-+ 
Pp 


©G AS) 
on ike) 
BAN 
+ 
(oe) 
BN 
Le) 
(o>) 


w @ 
en 
aD 


no 
= 
NOQ 
> 
iz 
NG 
aa 
< 
> 
mz 
eo 
— 
> 


9%4 

RTIs JMPa | EORa Eas EORal| , 
17 3 3 3 4 4*5 

BVC r ak (hy EOR (d) con ee yrye EOR d,x ids ack oly mn con ay gee JMP al | EORax Sha EOR al, 
2 2 2°%5 7 2 4 2 wee 4*4 3 4 4a*5 

g |RTSs | ADC (a,x) | PER s s0gae oe ADC d Ron ADC [d] oe oS ae RTLs| JMP (a) | ADCa HOF ADC al] . 
16 26 3*6 a 3 2*6 211*6/ 3 5 3 4 aes 

MP (a,x) 


ey 
< 
” 
> 
nm 2 
oO 
ne 
= 
> 
NO 
eO 
wo 
e 
oP 


ADC a,x arial ADC al, 7 
3 4 4*5 
STA a ies STA al 8 
3 4 4*5 
STA a,x ia STA al,x 9 
3 5 4*5 


(d) 00, .8),y ola ADC d,x ROR ADC [d],y = Abo ay ue TDCi IJ 
5 7 2°4 2*6 1 @411*2 
STAds ne STA d oie STA [d] ze ae a PHB s 
aS 2*6 2/1*3 
STA (3.8). y se STA d,x Sik ay STA [d].y ny Shey TXS i Se 
24 2¥*6 12 


+ 
~< 


” (¢p) 
pee w 
N 

Ay |r e 


Din 
ame oz he) 
ny mo 

eee 

NP; rnyp 
oa|/oa 
< x 
rw Y w WO 
o> | x2 
Ag lor 


LDY LDA (an) LOX # | LDA ds DY LDAd coke LDA [d] Ae ae TAX i ny LDYa | LDAa ae LDAal| , 
2 A 2 2 a*4 2 3 2*6 2 3 4 3 4 4*5 
BCS r ee cpg) LDA (4,s),y he LDA d,x LOX diy LDA Aly CLV EOWA i EP LDY ax | LDAax roxey LDA al.x| 
2 2 2 ys 2 4 1 5 1* 3 4 3 4 4*5 

¢ |CPY# Mela x) REP # CMP d,s | CPYd | CmMPd dee CMP [d] Wy CM A sae WAIi| CPYa | CMPa oe CMP al] ¢ 
2 2 2*3 a | 2 3 2*6 2 | ack ta ae 3 (4 4*5 
BNE r eMe (hy CMP (d) CMP {418}. y PEls |CMP d,x Beds CMP Id]. oo) ag: PHXs|STPi | JML (a) | CMP a,x ages CMP alx 
22 Date 2 2*6 2 4 a*6 3 1%3:14°3 | 3 *6 3 4 4*5 
CPX # oe (a. SEP # | SBCd eee SBC d Nes a 0 i SBC # on XBAi} CPXa | SBCa ee SBC al] 
2 2 2%*3 re 2 3 2 2 241*3!1 3 4 3 4 4*5 
BEQr SBC (ay SBC (4) | SBC (4,5), ar SBC d,x NGS Bee oly SED SBC Sc XCE i | JSR (a,x) | SBC a,x ees SBC al.x| ¢ 
22 a ae 7. 24 3 ®411¥*2| 3%6 3-4 4*5 
ira ame EP ealeaee ee ee eae F 


addressing mode 


addressing mode 


immediate direct indirect long 


A accumulator direct indirect long indexed 

r program counter relative absolute 

rl program counter relative long absolute indexed (with x) 

i implied absolute indexed (with y) 

s stack absolute long 

d direct absolute long indexed 

d,x direct indexed (with x) stack relative 

dy direct indexed (with y) stack relative indirect indexed 
(d) direct indirect absolute indirect 

(d,x) direct indexed indirect absolute indexed indirect 


direct indirect indexed block move 


Op Code Matrix Legend | 


INSTRUCTION ADDRESSING 


MNEMONIC *= New ,65C816/802 Opcodes MODE 
@=New 65C02 Opcodes 


BASE Blank = NMOS 6502 Opcodes BASE 
NO. BYTES NO. CYCLES 
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Eee 
TABLE 5 STATUS Eee 
: 17 6 5 43 2 1.0] 
NVM X Zz eae mea E= 
OPERATION fete foln fe [als Eve oane 
AtM+C-—-A ae EAE ett 77} 61 7D |7F Cee Sea Vv 
AAM — A 2D | 2F 31 (37 | 21 a8 3D |3F N. 
C- [15/7 0] - OE 1E N 
BRANCH IF C=0 
BRANCH IF C = 1 
Z=1 
1 


BRANCH IF 
AAM (NOTE 1) 3c 
BRANCH IF N 
BRANCH IF Z = 
BRANCH IF N = 2 
BRANCH ALWAYS 
BREAK (NOTE 2) 
BRANCH LONG ALWAYS 
BRANCH IF V =0 
BRANCH IF V = 1 
be | 
: 58 

B8 

CDICF {C5 D1 }D7/C1 


Q 
© 


eS 
a PA eT 


-PROCESSOR 


X+1-X 
Yt+ti-y 


JUMP LONG TO NEW LOG. 
JUMP TO NEW LOC. 

JUMP LONG TO SUB. 
JUMP TO SUB. 


920 
oO 
es 
a 
> 
mt 
| ae] me 8 


O , é 
-M EO|EC N Z 
-M Co}cc N Zz 
ECREMENT CE N Z 
-1-X N Zz 
Y-1-Y N Z 
AVM —- A SF N Z 
INCREMENTS . N Z 
N Z 

N Z 


4F 57 55 5D 
F6 
4C15C 
22 
20 
AD} AF | A5 1B1|B7) A1| BS 


0) 


eae | ees es Oe |e 


15/77, 0] ~C 
M BACKWARD 

M — M FORWARD 
NO OPERATION 
AVM~A 

nee + yemine +2- Ms-.1, Ms 
peak we +1)-— Ms-1, Ms 
S- 


Emr 
ofp 
>> 
mom 
L 
SES 
> 
> 
oe 
88 [8 
mo 


Meee Mpc + rl+1— Ms- 1, Ms 
§$-2-S 


$+1-S,Ms—P 
S$+1-S,Ms~X 
$+1-S,Ms—Y 
MAP — P 


15/7_ 


-C 


- 2224/2 Z2Z2Z2Z22Z2|222: - 
“NN OIN NN: NINNN. - 


C- 
RTRN FROM INT. 
RTRN FROM SUB. LONG 
RTRN SUBROUTINE 
A-M-C—A 


z- 
N 


6E 6A 76 
40 
on 
ED} EF F1 | F7 F5 FD | FF | F9 F2 | £7 E3 |) F3 


8E ‘ 
8C 84 : 
9C 64 
A8 
5B 
1B : 
7B 
1c 14 : 


9 


on 
ae 
Ww 
eo 
a 


28 


2 22/2: 


= 


* NNNNINN- NANIN- 


04 
3B 
BA 
BA 
9A 


EB 
FB 


<< KK KOM D> 


0 — RDY 


NO OPERATION (RESERVED) 


QOWD@ 
woo 


+e 


**t+ @©@ 


MNE- 
MONIC 


0 
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2a. 


2b. 


2c. 


2d. 


*3a. 


*#3b. 


*3c. 


4a. 


4b. 


6a. 


6b. 


TABLE 6. DETAILED INSTRUCTION OPERATION 


ADDRESS MODE 


. Immediate # 


(LDY,CPY,CPX,LDX,ORA, 
AND,EOR,ADC,BIT,LDA, 
CMP,SBC REP,SEP) 

(14 Op Codes) 

(2 and 3 bytes) 

(2 and 3 cycles) 


Absolute a 
(BIT,STY,STZ,LDY, 
CPV, CPA STA,LDA, 
ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(18 Op Codes) 

(3 bytes) 

(4 and 5 cycles) 


Absolute (R-M-W) a 


(ASL,ROL,LSR,ROR 
DEC,INC,TSB,TRB) 
(6 Op Codes) 

(3 bytes) 

(6 and 8 cycles) 


Absolute (JUMP) a 
(JMP)(4C) 

(1 Op Code) 

(3 bytes) 

(3 cycles) 


Absolute (Jump to 
subroutine) a 

(JSR) © 

(1 Op Code) 

(3 bytes) 

(6 cycles) 

(different order from N6502) 
Absolute Long al 
(ORA,AND,EOR,ADC 
STA,LDA,CMP,SBC) 

(8 Op Codes) 

(4 bytes) 

(5 and 6 cycles) 

Absolute Long (JUMP) al 
(JMP) 

(1 Op Code) 

(4 bytes) 

(4 cycles) 


Absolute Long (Jump to 
Subroutine Long) al 
(JSL) 

(1 Op Code) 

(4 bytes) 

(7 cycles) 


Direct d 
(BIT,STZ,STY,LDY, 
CPY,CPX,STX,LDX, 
ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(18 Op Codes) 

(2 bytes) 

(3,4 and 5 cycles) 
Direct (R-M-W) d 
(ASL,ROL,LSR,ROR 
DEC,INC,TSB, TRB) 
(6 Op Codes) 

(2 bytes) 

(5,6,7 and 8 cycles) 


. Accumulator A 


(1)(8) 


(1) 


(1) 
(3) 
(1) 


(1) 


(2) 
(1) 


(2) 


(1) 
(3) 
(1) 


(ASL,INC,ROL, DEC,LSR,ROR) 


(6 Op Codes) 

(1 byte) 

(2 cycles) 

Implied | 

(DEY, INY, INX, DEX, NOP, 
XCE, TYA, TAY,TXA, TXS, 
TAX,TSX, TCS, TSC,TCD, 
TDC,TXY,TYX,CLC,SEC, 
CLI,SEI,CLV,CLD,SED) 
(25 Op Codes) 

(1 byte) 

(2 cycles) 

implied 4 

(XBA) 

(1 Op Code) 

(1 byte) 

(3 cycles) 


CYCLE VP, ML, VDA,VPA ADDRESS BUS DATA BUS 


PRON H 


AANA DTASONA HHH EONS AONA DPNRRON> 


QO NM+ ~BNDAAWN > 


» 


= 


no = 


» 


» 


» 


NA AA aOoONN = 


a a as 


Fa er ae Cae Ce Cs Cn SS ew os ee ne oe ey ae ee a ee a ee ey 


ae ee ee ee rs ee ee a ee ee ey 


oe ae Gee a a ee ee 


a a 2 


ae oor Ae oe ses mt “wares CO OCOCOCC-~ - = 


ar ee ee ae ee ee ee ry 


=ae ooonco°c--+-- 


1 
0 
0 


—-.-C¢(0 0-4 


—==$/$ OO 4 ~awxsOO-CO—- =oooe8. 2230002 2 +H 2000 =~oo- -{-4 Om = 00 


ow =402300- 


oo-+-+ 


=—]@4-4 COCO O84-4 


—et am ot OOH oe aes 2@ COCO O HH om 


oz2zA o0eco0oo0o0oc+-—- 


PBR,PC 
PBR,PC+1 
PBR,PC+2 


PBR,PC 
PBR,PC+1 
PBR,PUtE 
DBR,AA 
DBR,AA+1 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
DBR,AA 
DBR,AAt1 
DBR,AAt1 
DBR,AA+1 
DBR,AA 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
PBR, NEW PC 


0,S-1 
PBR,NEW PC 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
PBR,PC+3 
AAB,AA 
AAB,AA+1 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
PBR,PC+3 
NEW PBR,PC 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
0,S 

0,S 
PBR,PC+3 
0,S-1 
0,8-2 
NEW PBR,PC 
PBR,PC 
PBR,PC+1 
PBR,PC+1 
0,0D+DO 
0,0+DO+1 


PBR,PC 
PBR,PC+1 
PBR,PC+1 
0,D+DO 
0,D+DO+1 
0,D+DO+1 
0,0+DO+1 
0,D+DO 
PBR,PC 
PBR,PC+1 


PBR,PC 
PBR,PC+1 


PBR,PC 
PBR,PC+1 
PBR,PC+1 


Op Code 
IDL 
IDH 


Op Code 
AAL 
AA 
Data Low 
Data High 


Op Code 

AAL 

AAH 

Data Low 
Data High 
to 

Data High 
Data Low 


Op Code 
NEW PCL 
NEW PCH 
Op Code 


Op Code 
NEW PCL 
NEW PCH 

10 

PCH 

PCL 

Next Op Code 


Op Code 

AAL 

AAH 

AAB 

Data Low 
Data High 


Op Code 
NEW PCL 
NEW PCH 
NEW BR 
Op Code 


Op Code 
NEW PCL 
NEW PCH 


PCL 
Next Op Code 


Op Code 

DO 

10 

Data Low 
Data High 


Op Code 

DO 

10 

Data Low 
Data High 
10 

Data High 
Data Low 


Op Code 
10 


Op Code 
10 


_ 


sass COeA 4s as na 


aoe oor ot COO mB oo 


=—a- 
ae uw 
oo 
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=-a2e 4s Oo 3024-4 
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10a. 


10b. 


11, 


12a. 


12b. 


#13, 


14, 


15. 


ADDRESS MODE 


Wait For Interrupt 
(WAI) 

(1 Op Code) 

(1 byte) 

(3 cycles) 


. Stop-The-Clock 


(STP) 
(1 Op Code) 


(1 byte) —E 


(9 vycies) 


See 21a Stack 
(Hardware interrupt) 


. Direct Indirect Indexed (d),y 


(ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(8 Op Codes) 

(2 bytes) 

(5,6,7 and 8 cycles) 


. Direct indirect 


Indexed Long [d],y 
(ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(8 Op Codes) 

(2 bytes) 

(6,7 and 8 cycles) 


. Direct Indexed Indirect (d,x) 


(ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(8 Op Codes) 

(2 bytes) 

(6,7 and 8 cycles) 


Direct,X d,x 
(BIT,STZ,STY,LDY, 
ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(11 Op Codes) 

(2 bytes) 

(4,5 and 6 cycles) 
Direct,X(R-M-W) d,x 
(ASL,ROL,LSR,ROR, 
DEC,INC) 

(6 Op Codes) 

(2 bytes) 

(6,7,8 and 9 cycles) 


Direct,Y dy 
(STX,LDX) 

(2 Op Codes) 

(2 bytes) 

(4,5 and 6 cycles) 


Absolute,X a,x 
(BIT.LDY,STZ, 
ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(11 Op Codes) 

(3 bytes) 

(4,5 and 6 cycles) 
Absotute,X(R-M-W) a,x 
(ASL,ROL,LSR,ROR, 
DEC,INC) 

(6 Op Codes) 

(3 bytes) 

(7 and 9 cycles) 


Absolute Long,X al,x 
(ORA,ANO,EOR,ADC, 
STA,LDA,CMP,SBC) 

(8 Op Codes) 

(4 bytes) 

(5 and 6 cycles) 
Absolute, Y ay 
(LDX,ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 

(9 Op. Codes) 

(3 bytes) 

(4,5 and 6 cycles) 
Relative r 
(BPL,BMI,BVC,BVS,BCC, 
BCS,BNE,BEQ,BRA) 

(9 Op Codes) 

(2 bytes) 

(2,3 and 4 cycles) 


no 
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m 

Gi 
nou 
=-oc-— 


(9) 


IRQ.NMI 


(2) 


(1) 


(2) 


(1) 


(2) 


(1) 


(2) 


(1) 
(3) 
(1) 


(2) 


(1) 


(4) 
(1) 


(1) 
(3) 
(1) 


(1) 


(4) 
(1) 


(5) 
(6) 
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1 PBR,PC Op Code 
1 PBR,PC+1 10 

0 PBR,PC+1 10 

1 PBR,PC+1 IRQ(BRK) 
1 PBR,PC Op Code 
1 PBR,PC+1 10 

1 PBR,PC+1 10 

1 PBR,PC+1 RES(BRK) 
1 PBR,PC+1 RES(BRK) 
1 PBR,PC+1 RES(BRK) 
+ PBR,PC+1 BEGIN 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+t 10 
0,0+DO AAL 
0,0+DO+1 AAH 
DBR, AAH,AAL+ YL 1O 
OBR,AAtY Data Low 
DBR,AA+Y+1 Data High 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+1 Te) 
0,D+DO AAL 
0,D+DO+1 AAH 
0,0+DO+2 AAB 
AAB,AAtY Data Low 
AAB,AA+Y+1 Data High 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+1 10 
PBR,PC+i 10 
0,D+DO+X AAL 
0,D+DO+X+1 AAH 
DBR,AA Data Low 
DBR,AA+1 Data High 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+1 10 
PBR,PC+1 1O 
0,D+DO+X Data Low 
0,D+DO+X+1 Data High 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+1 10 
PBR,PC+1 IO 
0,D+DO+X . Data Low 
0,0+DO+X+1 Data High 
0,0+DO+X+1 1O 
0,0+DO+X+1 Data High 
0,D+DO+X ' Data Low 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+1 10 
PBR,PC+1 !O 
0,0D+DO+Y Data Low 
0,0+DO+Y+1 Data High 
PBR,PC Op Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 


DBR,AAH,AAL+ XL 10 


OBR,AA+X Data Low 
DBR,AA+X+1 Data High 
PBR,PC Op Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 


DBR,AAH,AAL+ XL 10 


OBR,AA+X Data Low 
DBR,AA+X+1 Data High 
DBR,AA+X+1 10 
DBR,AA+X+1 Data High 
DBR,AA+X Data Low 
PBR,PC Op.Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
PBR,PC+3 AAB 
AAB,AAtX Data Low 
AAB,AA+X+1 Data High 
PBR,PC Op Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
DBR,AAH,AAL+ YL IO 
DBR,AAtY Data Low 
DBR,AA+Y+1.—— Data High 
PBR,PC Op Code 
PBR,PC+1 Offset 
PBR,PC+1 iO 
PBR,PC+1 10 


PBR,PC+Offset Op Code 


—b ed wh web 


~~ oeo or sr s 


—_o 
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oo 
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TABLE 6. DETAILED INSTRUCTION OPERATION (coNT,) 


*16. 


17a. 


*17b. 


@ 18. 


#19, 


20a. 


*20b. 


21a. 


21b. 


21c. 


21d. 


*21e. 


ADDRESS MODE 


Relative Long 
(BRL) 

(1 Op Code) 

(3 bytes) 


. (4 cycles) 


Absolute Indirect (a) — 
(JMP) 

(1 Op Code) 

(3 bytes) 

(5 cycles) 


Absolute Indirect (a) 


(JML) 

(1 Op Code) 
(3 bytes) 

(6 cycles) 


Direct Indirect (d) 
(ORA,AND,EOR,ADC, 
STA,LDA,CMP,SBC) 
(8 Op Codes) 

(2 bytes) 

(5,6 and 7 cycles) 


(2) 


(1) 


Direct Indirect Long [d] 
(ORA,AND,EOR,ADC 
STA,LDA,CMP,SBC) 

(8 Op Codes) 

(2 bytes) 

(6,7 and 8 cycles) 


(2) 


: (1) 
Absolute Indexed indirect (a,x) 
(JMP) | 
(1 Op Code) 

(3 bytes) 
(6 cycles) 


Absolute Indexed Indirect 
(Jump to Subroutine Indexed 
Indirect) (a,x) : 
(JSR) 

{1 Op Code) 

(3 bytes) 

(8 cycles) 


Stack (Hardware 


(3) 
(7) 


interrupts) 8 
(IRQ,NMI,ABORT,RES) 
(4 hardware interrupts) 
(OQ. bytes) 

(7 and 8 cycles) 


Stack (Software 
Interrupts) s 
(BRK,COP) 

(2 Op Codes) 

(2 bytes) 

(7 and 8 cycles) 


(3) 
(7) 


Stack (Return from 
Interrupt) 8 

(RTI) 

(1 Op Code) 

(1 byte) 

(6 and 7 cycles) 
(different order from N6502) (7) 


(3) 


Stack (Return from 
Subroutine) 8 
(RTS) 

(1 Op Code) 

(1 byte) 

(6 cycles) 


Stack (Return from 
Subroutine Long) s 
(RTL) © 

(1 Op Code) 

(1 byte) 

{6 cycles) 
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ADDRESS BUS DATA BUS 
PBR,PC Op Code 
PBR,PC+1 Offset Low 
PBR,PC+2 Offset High 
' PBR,PC+2 iO 
PBR,PC+Offset Op Code 
PBR,PC Op Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
0,AA NEW PCL 
0,AA+1 NEW PCH 
PBR,NEW PC Op Code 
PBR,PC Op Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
0,AA NEW PCL 
0,AA+1 NEW PCH 
0,AA+2 NEW PBR 
NEW PBR,PC Op Code 
PBR,PC Op Code 
PBR,PC+1 DO 
PBR,PC+1 10 
0,0+DO AAL 
0,0+DO+1 AAH 
DBR,AA Data Low 
DBR,AA+1 Data Low 
PBR,PC . Op Code 
PBR,PC+i DO 
PBR,PC+1 10 
0,0+DO AAL_ 
0,D+D0+1 AAH 
0,D+DO+2 AAS 
AAB,AA Data Low 
AAB,AAt+1 Data High 
PBR,PC Op Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
PBR,PC+2 10 
PBR,AA+X NEW PCL 
PBR,AA+X+1 NEW PCH 
PBR,NEWPC Op Code 
PBR,PC Op Code 
PBR,PC+1 AAL 
0,S PCH 
0,S-1 PCL. 
PBR,PC+2 AAH 
PBR,PC+2 10 
PBR,AA+X NEW PCL 
PBR,AAt+X+1° NEW PCH 
PBR,NEW PC Next Op Code 
PBR,PC 10 
PBR,PC 10 
0,S PBR 
0,S-1 PCH 
0,S-2 PCL 
0,S-3 P 
0,VA AAVL 
0,VA+1 AAVH 
0,AAV Next Op Code 
PBR,PC Op Code 
PBR,PC+1 Signature 
0S PBR 
0,S-1 PCH 
0,S-2 PCL 
0,S-3 (COP Latches) P 
0,VA AAVL 
0,VA+1 AAVH 
0,AAV Next Op Code 
PBR,PC Op Code 
PBR,PC+1 10 
PBR,PC+1 10 
0,S+1 P 
0,S+2 PCL 
0,S+3 PCH 
0,S+4 PBR - 
PBR,PC New Op Code 
PBR,PC Op Code 
PBR,PC+1 10 
PBR,PC+1 10 
0,S+1 » PCL 
0,S+2 PCH 
0,S+2 10 
PBR,PC Op Code 
PBR,PC Op Code 
PBR,PC+1 10 
PBR,PC+1 10 
0,St+1) NEW PCL 
0,S+2 NEW PCH 
0,S+3 NEW PBR 
NEW PBR,PC = Next Op Code 


=~ 


R/W 
1 2. 
1 
1 
1 
1 
1 
1 21g. 
1 . 
1 
1 
1 
1 & 
1 *21h. 
1 
1 
1 
1 
1 
1 
1 #241. 
1 
1 
1 
/0 
/0 
1 #21). 
1 
1 
1 
1 
1 
1/0 
v0 #22. 
1 
1 
1 
1 
1 
; 
; #23, 
7 
1 
0 
0 
1 
1 
d * 
1 24a. 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
; 
; 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 *24b, 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
, 
1 
1 
1 
1 
1 
1 


ADDRESS MODE 


Stack (Push) 8 
(PHP,PHA,PHY,PHX, 
PHO,PHK,PHB) 

(7.0p Codes) 

(1 byte) 

(3 and 4 cycles) 

Stack (Puil) s 
(PLP,PLA,PLY,PLX,PLO,PLB) 
(Different than N6502) 
(6 Op Codes) 

(1 byte) 

(4-and 5 cycles) 

Stack (Push Effective 
Indirect Address) 8 
(PEI) 

(1 Op Code) 

(2 bytes) 

(6 and 7 cycles) 


1) 


(2) 


Stack (Push Effective 
Absolute Address) s 
(PEA) 

(1 Op Code) 

(3 bytes) 

(5 cycles) 

Stack (Push Effective © 
Program Counter Relative’ 
Address) 8 


’ (PER) 


(1 Op Code) 
(3 bytes) 
(6 cycles) 


Stack Relative djs © 
(ORA,AND,EOR,ADL, 
STA,LDA, CMP,SDC) 
(8 Op Codes) 

(2 bytes) 

(4 and 5 cycles) 


Q) 


Stack Relative Indirect 
Indexed (d,s),y 
(ORA,AND,EOR,ADC, 
STA,LDA,CMP,SDC) 
(8 Op Codes) 
(2 bytes) 
(7 and 8 Cycles) 

(1) 
Block Move Positive 
(forward) xyc 


(MVP) 

(1 Op Code) _N-2 
(3 bytes) Byte 
(7 cycles) ‘C=2 


x = Source Address 
y = Destination 
c =Number of Bytes to Move -1 
x,y Decrement 

MVP is used when the 
destination start address 
is higher (more positive)  C=1 
than the source start address. 


N-1 


FFFFFF 
Dest. Start N Byte 
Last 
Source Start C=0 
[t Dest. End 
Source End 
000000 


Block Move Negative 
(backward) xyc 


(MVN) N-2 
(1 Op Code) Byte 
(3 bytes) C=2 
(7 cycles) . 


x = Source Address 

y = Destination 

c = Number of Bytes to Move -1 
xy Increment 


FFFFFF aie 
Source End C=1 
Dest.End 
Source Start 
Dest. Start 

900000 meye 


SS i ol ee en 
2Nonesona Nona wns NOOaoNna 


MVN is used when the 
destination start address 
is lower (more negative) 
than the source start 
address. 
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PBR,PC 
PBR,PC+1 
0,S 


' 0,S-1 


PBR,PC 
PBR,PC+1 
PBR,PC+1 
0,S+1 
0,S+2 


PBR,PC 
PBR,PC+1 
PBR,PC+1 
0,0+DO | 
0,D+DO+1 
0,S 

0,S-1 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
0,S 

0,S-1 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
PBR,PC+2 
0,S 


0,S-1 


PBR,PC 
PBR,PC+1 
PBR,PC+1 
0,S+SO 
0,S+SO+1 


PBR,PC 
PBR,PC+1 
PBR+PC+1 
0,S+SO 
0.S+SO+1 
0,S+SO+1 
DBR,AAtY 
DBR,AA+Y+1 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X 
DBAY 
DBA,Y 
DBA,Y 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X-1 
DBA,Y-1 
DBA,Y-1 
DBA,Y-1 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X-2 
DBA,Y-2 
DBA,Y-2 
DBA,Y-2 
PBR,PC+3 


PBR,PC 


_ PBR,PC+1 


PBR,PC+2 
SBA,X 
DBA,Y 
DBA,Y 
DBA,Y 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X+1 
DBA,Y+1 
DBAY+1 
DBA,Y+1 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X+2 
DBA,Y+2 
DBA,Y+2 
DBA,Y+2 
PBR,PC+3 


Op Code 

10 

Register High 
Register Low 


Register Low 
Register High 


Op Code 
Offset Low 
Offset High 
10 
PCH+OFF+ 
CARRY 
PCL+OFFSET 


Op Code 

so 

10 

Data Low 
Data High 


10 
Data Low 
Data High 


Op Code 
DBA 

SBA 
Source Data 
Dest. Data 


SBA 
Source Data 
Dest. Data 


SBA 

Source Data 
Dest. Data 

10 

10 

Next Op Code 


Op Code 
DBA 

SBA 

Source Data 
Dest. Data 


SBA 
Source Data 
Dest. Data 


SBA 
Source Data 


_ Dest. Data 


10 
10 
Next Op Code 


1 
1 
1 
1 


a a a ae 


Coe 48=]7 002844844 


1 
1 
1 
1 
0 


0 
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TABLE 5. NOTES 


Notes: 


1. Bit immediate N and V flags not affected. When M = 0, M15 ~- N and M44 —V. 
2. Break Bit (B) in Status register indicates hardware or software break. 


3. * =New 65C816/802 Instructions 
@=New 65C02 Instructions 


Blank = NMOS 6502 


+ Add VOR e 
- Subtract + Exclusive OR 
A AND 


TABLE 6. NOTES 


Notes: 


(1) Add 1 byte (for immediate only) for M=0 or X=0 (i.e. 16 bit data), add 1 cycle for M=0 or X=0 


(2) Add 1 cycle for direct register low (DL) not equal 0. 


(3) Special case for aborting instruction. This is the last cycle which may be aborted or the Status, 


PBR or DBR registers will be updated. 


(4) Add 1 cycle for indexing across page boundaries, or write, or X=0. When X=1 or in the 


emulation mode, this cycle contains invalid addresses. 


(5) Add 1 cycle if branch is taken. 


(6) Add 1 cycle if branch is taken across page boundaries in 6502 emulation mode (E=1). 


(7) Subtract 1 cycle for 6502 emulation mode (E=1). 
(8) Add 1 cycle for REP,SEP. 


(9) Wait at cycle 2 for 2 cycles after NMI or IRQ active input. 


Abbreviations: 
AAR Absolute Address Bank 
AAH Absolute Address High 
AAL Absolute Address Low 
AAVH Absolute Address Vector High 
AAVL Absolute Address Vector Low 


C Accumulator 
D Direct Register 


DBA Destination Bank Address 
OBR Data Bank Register 


DO Direct Offset 


IDH Immediate Data High 
IDL Immediate Data Low 


!O Internal Operation 
P Status Register 


PBR Program Bank Register 


PC Program Counter 


R-M-W Read-Modify-Write 


S Stack Address 


SBA Source Bank Address 
' SO Stack Offset 


VA Vector Address 
x,y Index Registers 


* = New 35C816/802 Addressing Modes 
@ = New 65C02 Addressing Modes 
Blank = NMOS 6502 Addressing Modes 


RECOMMENDED 
ASSEMBLER SYNTAX 
STANDARDS 


DIRECTIVES 


Assembler directives are those parts of 
the assembly language source program 
that give directions to the assembler; 
this includes the definition of data area 
and constants within a program. This 
standard excludes any definitions of 
assembler directives. 


COMMENTS 

An assembler should provide a way to 
use any line of the source program as a 
comment. The recommended way of 
doing this is to treat any blank line, or 
any line that starts with a semi-colon or 
an asterisk, as acomment. Other 
special characters may be used as well. 


THE SOURCE LINE 

Any line that causes the generation of a 
single VL65C816 or VL65C802 machine 
language instruction should be divided 
into four fields: a label field, the 
operation code, the operand, and the 
comment field. 


The Label Field - The label field begins in 
column one of the line. A label must 
start with an alphabetic character, and 
may be followed by zero or more 
alphanumeric characters. An assembler 
may define an upper limit on the number 
of characters that can be in a label, as 


long as that upper limit is greater than or 
equal to six characters. An assembler 
may limit the alphabetic characters to 
upper-case characters if desired. If 
lower-case characters are allowed, they 
should be treated as identical to their 
upper-case equivalents. Other 
characters may be allowed in the label, 
as long as their use does not conflict 
with the coding of operand fields. 


The Operation Code Field - The 
operation code consists of a three- 
character sequence (mnemonic) from 
table 2. It starts no sooner than column 
two of the line, or one space after the 
label if a label is coded. 


Many of the operation codes in table 2 
have duplicate mnemonics; when two or 
more machine language instructions 
have the same mnemonic, the 
assembler resolves the difference 
based on the operand. 


If an assembler allows lower-case 
letters in labels, it must also allow lower 
case letters in mnemonics. When lower- 
case letters are used in the mnemonic, 
they are treated as equivalent to the 
upper-case counterpart. Thus, the 
mnemonics LDA, Ida, and LdA must all 
be recognized, and are equivalent. 


In addition to the mnemonics shown in 
table 2, an assembler may provide the 
alternative mnemonics shown in table 7. 


SJL should be recognized as equivalent 
to JSR when it is specified with a long 
absolute address. JML is equivalent to 
JMP with long addressing force. 


The Operand Field - The operand field 
may start no sooner than one space 
after the operation code field. The 
assembler must be capable of at least 
24-bit address calculations. The 
assembler should be capable of 
specifying addresses as labels, integer 
constants, and hexadecimal constants. 
The assembler must allow addition and 
subtraction in the operand field. Labels 
are recognized by the fact that they 
start with alphabetic characters. 
Decimal numbers are recognized as 
containing only the decimal digits 0 
through 9. Hexadecimal constants shall 
be recognized by prefixing the constant 
with a dollar sign ($) character, followed 
by zero or more of either the decimal 
digits or the hexadecimal digits A 
through F. If lower case letters are 
allowed in the label field, then they are 
also allowed as hexadecimal digits. 
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All constants, no matter what their 

— format, provide. at least enough 
precision to specify all values that can 
be represented by a 24-bit signed or 
unsigned integer ropiesented' tt in two's 
complement notation. — 


Table 9 shows the operand formats 
that are recognized by the assembler. 
The symbol d is a label or value that the 
assembler can recognize as being less 
_ than #100. The symbol a is a label or 
_. value which the assembler can 
recognize as greater than $FF but less 
than $10000; the symbol al is a label or 
value that the assembler can recognize 
as being greater than $FFFF. The 
symbol EXT is a label that cannot be 
located by the assembler at the time the 
instruction is assembled. Unless 
instructed otherwise, an assembler 
assumes that EXT labels are two bytes 


long. The symbols r and ri are 8- and 16- 


bit signed displacements calculated by 
the assembler. 


Note that the operand does not 
determine whether or not immediate 
addressing loads one or two bytes; this 
is determined by the setting of the 
status register. Thisforcesthe 
requirement for a directive or directives 


that tell the assembler to generate one . 


or two bytes of space. for immediate 
loads. The directives provided must 
allow separate settings forthe _ 
accumulator and index registers. 


_ The assembler shall use the <, >, and” 


TABLE 7 1. ALTERNATIVE 


MNEMONICS | 
Standard Alias 
BCC ~ BLT 
“BCS BGE 
CMP A | CMA 
‘DECA DEA 
INCA. INA 
JSL 7 JSR 
JML JMP 
TCD TAD 
TCS TAS. 
TDC oe TDA 
TSC .: TSA 


XBA . SWA 


m VL65C81 6-VL65C802_ 


characters aiterthe # character in an 
immediate address to specify which 
byte or bytes are to be selected from the 
value of the operand. Any calculations 
in the operand must be performed before 
the byte selection takes place. Table 8 
defines the action taken by each 
operand by showing the effect of the 
operator on an address. The column 
that shows a two-byte immediate value 
shows the bytes in the order in which 
they appear in memory. The coding of 
the operand is for an asembler that uses 
32 bit address calculations, showing the 
way that the address should be reduced 
to a 24 bit value. 


In any location in an operand in which an 
address, or expression resulting in an 
address, can be coded, the assembler 


recognizes the prefix characters <, |, 


and >, which force one-byte (direct 
page), two-byte (absolute) or three-byte 
(long absolute) addressing. In cases 

in which the addressing mode is not 
forced, the assembler shall assume that 
the address is two bytes unless the 
assembler is able to determine the type 
of addressing required by context, in _ 
which case that addressing mode is 
used. Addresses are truncated without 
error if an addressing mode is forced 
that does not require the entire value of 
the address. For example: 


LDA $0203 
LDA —- $010203 


are completely equivalent. if the 


addressing mode is not forced, and the 
type of addressing cannot be 
determined from context, the assembler 
assumes that a two-byte address is to 
be used. If an instruction does not have 
a short addressing mode (as in LDA, 
which has no direct page indexed by Y) _ 
and a short address is used in the 


_ operand, the assembler automatically 


extends the address by padding the 
most significant bytes with zeroes in 
order to extend the address to the 
length needed. As with immediate 
addressing, any expression evaluation 
takes place before the address is 
selected; thus, the address selection 
character is only used once, before the 
address of expression. 


The exclamation point (!) character 
should be supported as an alternative to 
the vertical bar (|). 


A long indirect address is indicated in 
the operand field of an instruction by 
surrounding the direct page address 
where the indirect address is found by 
square brackets; direct page addresses 
that contains 16-bit addresses are 
indicated by being surrounded by | 
parentheses. — | 

The operands of a block r move | 
instruction are specified as source 
bank, destination band (the opposite 
order of the object bytes generated). 


Comment Field -The comment field may 


start no sooner than one space after the 


operation code field or operand code 
field or operand field, depending on 
instruction type. 


TABLE 8. BYTE SELECTION OPERATOR 


Operand One Byte Result 
#$01020304 . 04 
#<$01020304 . 04 
#>$01020304 — 03 
#%$01020304 _ 02 
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Two Byte Resuit 


04 03 
04 03 
03 02 
02 01 


TABLE 9. ADDRESS MODE FORMATS 


Addressing Mode 
Immediate 


Absolute 


Absolute Long 


Direct Page 


Accumulator 

Implied Addressing 

Direct Indirect 
Indexed 


Direct Indirect 
Indexed Long 


Direct Indexed 


Indirect 


Direct Indexed by X 


Direct Indéxed by Y 


Absolute Indexed by X 


Format 
#d 


(<al,x) 
(<EXT,x) 
d,x 
<d,x 
<a,X 
<al,x 
<EXT,x 
dy 
<d,y 
<ay 
<al,y 
<EXT,y 
d,x 

!d,x 

a,X 

la,x 
lal,x 
lIEXT,x 
EXT,x 
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Addressing Mode 
Absolute Indexed by Y 


Absolute Long Indexed 


by X 


Program Counter 
Relative and 
Program Counter 
Relative Long 

Absolute Indirect 


Direct Indirect 


Direct Indirect Long 


Absolute Indexed 


Stack Addressing © 


Stack Relative 
Indirect Indexed 


Block Move 


Note: The alternate ! (exclamation point) is used in place of the| (vertical bar). 
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Format 


Idvy 
dy 


Pras 


- (no operand) 


(d,s),y 
(<d,s),y 
(<a,S),y 
(<al,s),y 
(<EXT,s),y 
d,d 


(the assembler calculates 


rand ri) 


| 


Instruction Times 
in Memory Cycles 


Original 
Address Mode 8 Bit NMOS 
6502 
1. Immediate 
2. Absolute 
3. Absolute Long — 
4. Direct 3(5) 
5. Accumulator 2 
6. Implied . si, 2 
7. Direct Indirect Indexed (d),y 5(1) 


jee) 


. Direct Indirect Indexed Long {d], y 


9. Direct Indexed Indirect (d,x) 

10. Direct, X 

11. Direct, Y 

12. Absolute, X 

13. Absolute Long, X 

14. Absolute, Y 

15. Relative 

16. Relative Long 

17. Absolute Indirect (Jump) 

18. Direct Indirect 

19. Direct Indirect Long 

20. Absolute Indexed Indirect (Jump) 

21. Stack 

22. Stack Relative 

23. Stack Relative Indirect Indexed 

24. Block Move X, Y, C (Source, Destination, Block Length) 
NOTES: 


. Branch taken, add 1 cycle if branch is taken. 

. M=Oor X=0, 16 bit operation, add 1 cycle, add 1 byte for immediate. 
. Direct register low (DL) not equal zero, add 1 cycle. 

. Read-Modify-Write, add 2 cycles for M = 1, add 3 cycles for M = 0. 


Oh ONM — 


3-32 


. Page boundary, add 1 cycle if page boundary is crossed when forming address. — 


New 
65C816 


2(3) 
4(3.5) 
5(3) 
3(3,4.5) 
2 

2 
5(1,3,4) 
6(3.4) 
6(3.4) 
4(3,4,5) 

4(3,4) 
4(1,3,5) 


Memory Utilization 
In Number of Program 
Sequence Bytes 


Original New 
8 Bit NMOS 65C816 
- 6502 

2(3) 

3 3 

— 4 

2 2 

1 1 

1 1 

2 2 

2 

2 2 

2 2 

2 2 

3 3 

4 

3 

2 

3 

3 

2 

2 

3 
1-4 

2 

2 

— | 3 
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ADDRESSING PREFACE 


The VL65C816 is capable of directly 
addressing 16M Bytes of memory. This 
address space has special significance » 
within certain addressing modes. 


RESET AND INTERRUPT 

VECTORS 

The Reset and Interrupt vectors use the 
majority of the fixed addresses between 
OOFFEO and OOFFFF. 


STACK 

The stack may use memory from 000000 
to OOFFFF. The effective address of 
Stack and Stack Relative addressing 


Direct, Y addressing modes is always in 
Bank 0 (000000-00FFFF). 


PROGRAM ADDRESS SPACE 

The Program Bank Register is not 
affected by the Relative, Relative Long, 
Absolute, Absolute Indirect, and 
Absolute Indexed Indirect addressing 
modes or by incrementing the Program 
Counter from FFFF. The only 
instructions that affect the Program 
Bank Register are: RTI, RTL, JML, JSL, 
and JMP Absolute Long. Program code 
may exceed 64K bytes, although code 


addressing modes generate 24-bit 
effective addresses: 


¢ Direct Indexed Indirect (d,x) 

¢ Direct Indirect Indexed (d), y 

¢ Direct Indirect (d) 

¢ Direct Indirect Long [qd] 

* Direct Indirect Long Indexed [d], y 
¢ Absolute a 

¢ Absolute a, x 

* Absolute a, y 

¢ Absolute Long al 

¢ Absolute Long Indexed al, x 

¢ Stack Relative Indirect Indexed (d), y 


modes is always within this range. 


boundaries. 


DIRECT 


The Direct addressing modes are 
usually used to store memory registers 
and pointers. The effective address 
generated by Direct, Direct,X and 


segments may not span bank 


DATA ADDRESS SPACE 

The data address space is contiguous 
throughout the 16M Byte address 
space. Words, arrays, records, or any 
data structures may span 64K Byte 
bank boundaries with no compromise in 
code efficiency. The following 


The following addressing modes are 
available for use in the VL65C802 and 
VL65C816 microprocessors. The "long" 
addressing modes may be used with the 
VL65C802; however, the high byte of 
the address is not available to the 
hardware. Detailed descriptions of the 
24 addressing modes are given in the 
following section. 


ADDRESSING MODES 


1 


. Immediate Addressing—# 


The operand is the second byte (second and third bytes when in the 
16-bit mode) of the instruction. 


. Absolute—a 


With Absolute addressing the second and third bytes of the instruc- 
tion form the low-order 16 bits of the effective address. The Data 
Bank Register contains the high-order 8 bits of the operand address. 


DBR | 


Instruction: 


Operand | 


Address: addrh | addrl | 


. Absolute Long—al 


The second, third, and fourth byte of the instruction form the 24-bit 
effective address. 


Operand | 


Address: baddr | addrh | addrl | 


. Direct—d 


The second byte of the instruction is added to the Direct Register 
(D) to form the effective address. An additional cycle is required 
when the Direct Register is not page aligned (DL not equal 0). The 
Bank register is always 0. 


| Direct Register | 


| offset | 


Operand | 


Address: 00 | effective address | 


. Accumulator—A 


This form of addressing always uses a single byte instruction. The 
operand is the Accumulator. 


6. Implied—i 


Implied addressing uses a single byte instruction. The operand is 
implicitly defined by the instruction. 


. Direct Indirect Indexed—(d),y 


This address mode is often referred to as Indirect,Y. The second 
byte of the instruction is added to the Direct Register (D). The 16-bit 
contents of this memory location is then combined with the Data 
Bank register to form a 24-bit base address. The Y Index Register is 
added to the base address to form the effective address. 


| Direct Register | 


+ | offset | 
| 00 | direct address | 
then: 
| 00 | (direct address) | 
+! psr | 
| base address | 
: | | yReg | 
Operand | | 
Address: effective address 


. Direct Indirect Long Indexed—[d],y 


With this addressing mode, the 24-bit base address is pointed to by 
the sum of the second byte of the instruction and the Direct 
Register. The effective address is this 24-bit base address plus the Y 
Index Register. 
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ADDRESSING MODES (Cont, 
Instruction: | opcode | offset | Instruction: offset 


|. ~ Direct Register | . | Direct Register | 


+ | offset | + | | offset | 

| 00 | direct address _ | | direct address | 

then: + | Y Reg | 

| (direct address) | a a Aer Ee, See nT 

, Operand | | | 

‘ | t yReg | | Address: — 00 effective address 
Operand | | 12. Absolute Indexed With X—a,x 

Address: effective address The second and third bytes of the instruction are added to the 


: X Index Register to form the low-order 16 bits of the effective ad- 
9. Direct Indexed indirect—(d,x) dress. The Data Bank Register contains the high-order 8 bits of the 


| fee } 
This address mode is often referred to as Indirect,X. The second eectve accless 


byte of the instruction is added to the sum of the Direct Register truction: ddrl 
and the X Index Register. The result points to the low-order 16 bits pnsteHens prod . aad 

of the effective address. The Data Bank Register contains the high- 

order 8 bits of the effective address. | oBR | addrh | addi | 
| a +| | XReg | 


eae | Operand et, Meee Of 
Instruction: Address: | effective address | 


| Direct Register | ; 
| 13. Absolute Long Indexed With X—al,x 


a | | offset The second, third and fourth bytes of the instruction form a 24-bit 
base address. The effective address is the sum of this eet address 
| direct address | and the X Index Register. 
‘| | xreg | Instruction: 
Pca: =? gaiiess? | | | padar | adarh | addr | 
then: | Ba | ra X Reg | 
; d 
00 _ (address) Operand | | | 
‘ | DBR | Address: effective address 
Operand : - 
Address: | effective address . | 14. Absolute Indexed With Y ay 
The second and third bytes of the instruction are added to the 
Y Index Register to form the low-order 16 bits of the effective ad- 
10. Direct Indexed With X—d,x dress. The Data Bank Register contains the high-order 8 bits of the 
The second byte of the instruction is added to the sum of the Direct effective address. . 
Register and the X Index Register to form the 16-bit effective : [opcode | addr | addrh | 
address. The operand is always in Bank 0. Instruction: opcode addrl addrh 
Instruction: 7 | oBR | addrh | ada | 
t 
| | Direct Register _| +| iY Reg | 
. | | Operand | | 
- offset Address: _ effective address 
| direct address _—_| 15. Program Counter Relative—r 
This address mode, referred to as Relative Addressing, is used only 
+ | 1 X Reg | with the Branch instructions. If the condition being tested is met, 
on the second byte of the instruction is added to the Program Counter, 
Operand | | | which has been updated to point to the opcode of the next instruc- 
Address: 00 effective address tion. The offset is a signed 8-bit quantity in the range from -128 to 


127. The Program Bank Register is not affected. 
11. Direct Indexed With Y—d,y 


The second byte of the instruction is added to the sum of the Direct 16. Program Counter Relative Long—rl 
Register and the Y Index Register to form the 16-bit effective This address mode, referred to as Relative Long Addressing, is used 
address. The operand is always in Bank 0. only with the Unconditional Branch Long instruction (BRL) and the 
sheen” 9 % Push Effective Relative instruction (PER). The second and third 
bytes of the instruction are added to the Program Counter, which 
has been updated to point to the opcode of the next instruction. With 
the branch instruction, the Program Counter is loaded with the 
result. With the Push Effective Relative instruction, the result is 
stored on the stack. The offset is asigned 16-bit quantity in the range 
from -32768 to 32767. The Program Bank Register is not affected. 
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ADDRESSING MODES (cont.) 


17. Absolute Indirect—(a) 21. Stack—s 


The second and third bytes of the instruction form an address to a 
pointer in Bank 0. The Program Counter is loaded with the first and 
second bytes at this pointer. With the Jump Long (JML) instruction, 
the Program Bank Register is loaded with the third byte of the 
pointer. 


direct address | 


Stack addressing refers to all instructions that push or pull data 
from the stack, such as Push, Pull, Jump to Subroutine, Return from 
Subroutine, Interrupts, and Return from Interrupt. The bank ad- 
dress is always 0. Interrupt Vectors are always fetched from Bank 0. 


22. Stack Relative—d,s 
instruction: The low-order 16 bits of the effective address is formed from the 
| | | sum of the second byte of the instruction and the Stack Pointer. The 
Indirect Address = a0 ; addrh |; adam | high-order 6 bits of the effective adaress is always zero. The relative 
New PG = (indirect address) offset is an unsigned 8-bit quantity in the range of 0 to 255. 
with JML: Instruction: 
New PC = (indirect address) 
New PBR = (indirect address +2) | Stack Pointer | 
18. Direct Indirect—(d) : | offset | 
The second byte of the instruction is added to the Direct Register to Operand 
form a pointer to the low-order 16 bits of the effective address. The Address: | 00 | effective address | 
Data Bank Register contains the high-order 8 bits of the effective 
address. 23. Stack Relative Indirect Indexed—(d,s),y 
: The second byte of the instruction is added to the Stack Pointer to 
instruction: | opcode form a pointer to the low-order 16-bit base address in Bank 0. The 
| : es | Data Bank Register contains the high-order 8 bits of the base ad- 
Direct Register dress. The effective address is the sum of the 24-bit base address 
| | and the Y index pegerst 
+ offset 
| 00 | direct address | | pan | 
tack Pointer 
then: 
| 00 | (direct address) | z + | offset | 
+ | DBR | | | | 
00 S + offset 
Operand | 5 
Address: | effective address then: | : Betta | 
. offse 
19. Direct indirect Long—[d}j : | DBR | 
The second byte of the instruction is added to the Direct Register to 
form a pointer to the 24-bit effective address. . 
| base address | 
instruction: [opcode [offset i 
+ | “RP es i YReg . | 
| Direct Register | Operand 
rn | offset | Address: | effective address | 
24. Block Source Bank, Destination Bank—xyc 


This addressing mode is used by the Block Move instructions. The 


then: second byte of the instruction contains the high-order 8 bits of the 
Operand destination address. The Y index Register contains the low-order 16 
Address: | (direct address) | bits of the destination address. The third byte of the instruction 


20. Absolute Indexed Indirect—(a,x) 


The second and third bytes of the instruction are added to the 
X Index Register to form a 16-bit pointer in Bank 0. The contents of 
this pointer are loaded in the Program Counter. The Program Bank 
Register is not changed. 


contains the high-order 8 bits of the source address. The X Index 
Register contains the low-order 16 bits of the source address. The 
C Accumulator contains one less than the number of bytes to move. 
The second byte of the biock move instructions is also loaded into 
the Data Bank Register. 


instruction: dstbnk 


Instruction: dstonk — DBR | 
Source 
| addrh | addrl | Address: | scrbnk | X Reg | 
Destination Spy 
| i XReg | Address: | DBR | Y Reg | 
MVP) X and Y. 
| PBR | Acne | increment (MVN) or decrement ( ) Xan 


then: 
PC = (address) 
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Decrement C (if greater than zero), then PC+3 -- PC. 


= 
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TABLE 11. VL65C802 TIMING CHARACTERISTICS Ta = 0°c to 70°C, VDD = 5.0 V + 5% 


| | Me | Me |G MHz | MH 
CycleTime are, 250 167 | DC | 125 ns 
Delay Time, @2(IN)togt(ouT) ——=~S~S~S~~Citw | ~~ 20 | — | eo | — | a | — | 2 | os 
Delay Time, #2 (IN) to 92 (OUT) [woe [| — | | - | | — | «|— | «| as 
~ Access Time tacc 130 | — | 87 | — | 7o | — | ns 
Write Data Hold Time. . tDHW 


Processor Control Setup Time 


Processor Control Hold Time Bho o 


Capacitive Load (Address, Data, and R/W) 


as 
B°) 
i 
no 
eS 
e 
N 
2 
oh 
on 
S 
op 


—_ — ft 
oO;oO;oO 

— sual, ; 
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FIGURE 3. VL65C802 TIMING DIAGRAM 


tcyc tF 
2 (IN) 


$1 (OUT) 


$2 (OUT) 


R/W, SYNC, 


A0-A15 ee | | | 
Se = 
READDATA ee i) | | READ DATA 
| | =i E00 mead ee eee ee ies 
WRITE DATA Ee es op WRITE DATA 


toxw — | 
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IRQ, NMI, RES, t | 
RDY | 
| : | tecs 
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TABLE 12. VL65C816 TIMING CHARACTERISTICS Ta = 0°C to 70°C, VDD = 5.0 V+ 5% 


ees ed 
|_Symbol_| 
Cycle Time tcyc 500 
Clock Pulse Width Low 0.240! 10 

iG) se Gb 1 


nN AAC tA Tim, an 
AC nis Hota rie 


Ce 
Lee 


50 
120 
120 


1 0 10 ns 


tAH aoe = 
Processor Control Setup Time ER Mp BB ns 
Processor Control Hold Time | tech =| 10; — | 10 | — | 10 | | 10 | — | ns 
Capacitive Load (Address, Data, and R/W) | cexr | — [| 100 | — | 100 | — | 35 | — | 35 | pF 


00 100 35 ao 
30 — 30 — 30 — 30 


BE to Valid Data tBvD — 


FIGURE 4. VL65C816 TIMING DIAGRAM 
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USER INFORMATION 


STACK ADDRESSING | 

When in the Native mode, the Stack 

_ Register may use memory locations _ 
- 000000 to OOFFFF. The effective 
address of Stack, Stack Relative and 
Stack Relative Indirect Indexed 
addressing modes is always within this 
range. Inthe Emulation mode, the 
Stack address range is 000100 to 
0001FF. The following opcodes and 
addressing modes increment or 
decrement beyond this range when 
accessing two or three bytes: 


JSL; JSR(a,x); PEA; PEI; PER; 
PHD; PLD; RTL; d,s; (d,s),y 


DIRECT ADDRESSING 

The Direct Addressing modes are often 
used to access memory registers and 
pointers. The effective address 

- generated by Direct; Direct,X and 


Direct, Y addressing modes are always. | 


in the Native mode range 000000 to 


OOFFFF. When inthe Emulation mode, 


the Direct addressing range is 000000 to 
OOOOFF, except for [Direct] and 
[Direct],Y addressing modes and the 
PE1 instruction, which increment from 
OOOOFE or OOOOFF into Stack area. 


When in the Emulation mode and DH is 


not equal to zero, the Direct addressing © 


_ range is OODHO0 to OODHFF, except for 
[Direct] and [Direct], Y addressing 
modes and the PE}! instruction which 
increment from OODHFE or OODHFF into 
the next higher page. 


When in the Emulation mode and DL is 
not equal to zero, the direct addressing 
range is 000000 to OOFFFF. 


ABSOLUTE INDEXED 
- ADDRESSING (VL65C816 ONLY) 


The Absolute Indexed addressing 
modes are used to address data outside 
the Direct addressing range. The 
VL65C02 and VL65C802 addressing 

_ range is 0000 to FFFF. Indexing from 
page FFXX may result in a OOYY data 
fetch when using the VL65C02 or 
VL65C802. In contrast, indexing from 
page ZZFFXX may result in ZZ+1,OO0YY 
when using the VL65C816. 


— cycle 3. 
° TRQ, NMI, ABORT BRK, COP: 


ABORT INPUT (VL65C816 ONLY) 
ABORT should be held low for a period 


- not to exceed one cycle. Also, ff 


ABORT is held low during the Abort 
Interrupt sequence, the Abort Interrupt 
will be aborted. It is not recommended 
to abort the Abort Interrupt. The ABORT 
internal latch is cleared during the 
second cycle of the Abort Interrupt. 
Asserting the ABORT input after the 
following instruction cycles causes 
registers to be modified: 

¢  Read-Modify-Write: Processor 
Status Register modified if ABORT is 
asserted after a modify cycle. 

* RTI: Processor Status Register 
modified if ABORT is asserted after 


When ABORT is asserted after cycle 2, 


-PBR and DBR become 00 (Emulation 


mode) or PBRbecomes 00 (Native 


~mode). 


The Abort Interrupt has been designed 
for virtual memory systems. For this 
reason, asynchronous ABORTs may 


_ cause undesirable results due to the 


above conditions. 
VDA AND VPA (VL65C816 ONLY) 


When VDA or VPA are high and during all 
write cycles, the Address Bus is always 


- valid. VDA and VPA should be used to 


qualify all memory cycles. Note that 
when VDA and VPA are both low, invalid 
addresses may be generated. The Page 
and Bank addresses could also be 
invalid. This will be due to low-byte 
addition only. The cycle when only low- 
byte addition occurs is an optional cycle 
for instructions. that read memory when 
the Index Register consists of eight 

bits. This optional cycle becomes a 
standard cycle for the Store instruction, 
all instructions using the 16-bit Index 
Register mode, and the Read-Modify- 
Write instruction when using 8- or 16-bit 
Index Register modes. 


APPLE il, fle, lic, AND Il+ DISK 
SYSTEMS (VL65C816 ONLY) 

VDA and VPA should not be used to 
qualify addresses during disk operation 
on Apple systems. Consult your Apple 
representative for hardware/software 
configurations. 


DB/BA OPERATION (WHEN RDY © 
_ IS PULLED LOW -VL65C816 


ONLY) | 

When RDY is low, the Data Bus is held in 
the data transfer state (i.e., @2 high). 

The Bank address external transparent 
latch should be latched when the a2 
clock or RDY is low. 


M/X OUTPUT (VL65C816 ONLY) 
The M/X output reflects the value of the 
M and X bits of the processor Status 
Register. The REP, SEP, and PLP 
instructions may change the state of the 
M and X bits. Note that the M/X output 
is invalid during the instruction cycle © 
following REP, SEP, and PLP instruction 
execution. This cycle is used as the 
opcode fetch cycle of the next 
instruction. 


INSTRUCTIONS 

Opcodes - It should be noted that all 
opcodes function in all modes of 
operation. However, some instructions 
and addressing modes are intended for 
VL65C816 24-bit addressing and are 
therefore less useful for the VL65C802.. 
The following instructions and 


‘addressing modes are primarily intended 
- for VL65C816 use: 


JSL; RTL; (d]; [d],y; JMP al; JML; 
al; al,x 


The following instructions may be used 


with VL65C802 even though aBank _ 
Address is not multiplexed on the Data 
Bus: 


PHK; PHB; PLB 


The following instructions have limited 
use in the Emulation mode: 

¢ The REP and SEP instructions 
cannot modify the M and X bits when in 
the Emulation mode. In this mode the M | 
and X bits are always high (logic 1). 

« When inthe Emulation mode, the 
MVP and MVN instructions use the X 
and Y Index Registers for the memory 
address. Also, the MVP and MVN 
instructions can only move data within 
the memory range 0000 (Source Bank) 
to OOFF (Destination Bank) for the 
VL65C816, and 0000 to OOFF for the 
VL65C802. 


3-38 


USER INFORMATION (cONT.) 


Indirect Jumps-The JMP (a) and JML (a) 
instructions use the direct Bank for 
indirect addressing, while JMP (a,x) and 
JSR (a,x) use the Program Bank for 
indirect address tables. 


Switching Modes-When switching from 
the Native mode to the Emulation mode, 
the X and M bits of the Status Register 
are set high (logic 1), the high byte of 
the Stack is set to 01, and the high 
bytes of the X and Y Index Registers are 
set to 00. To save previous values, 
these bytes must always be stored 
before changing modes. Note that the 
low byte of the S, X, and Y Registers 
and the low and high bytes of the 
Accumulator (A and B) are not affected 
by a mode change. 


How hardware interrupts, BRK, and COP 
instructions affect the Program Bank 

and the Data Bank Registers- 

when in the Native mode, the Program 
Bank register (PBR) is cleared to 00 
when a hardware interrupt, BRK or COP 
is executed. In the Native mode, the 
previous PBR contents are 

automatically saved. 


Note that a Return from Interrupt (RTI) 
should always be executed from the 
same mode that originally generated the 
interrupt. 


Binary Mode-The Binary mode is set 
whenever a hardware or software 
interrupt is executed. The D flag within 
the Status Register is cleared to zero. 


WAI Instruction-The WAI instruction 
pulls RDY low and places the processor 
in the WAI low-power mode. NMI, IRQ, 
or RESET terminate the WAI condition 
and transfer control to the interrupt 
handler routine. Note that an ABORT 
input aborts the WAI 
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instruction, but does not restart the 
processor. When the Status Register 1 
flag is set (IRQ disabled), the IRQ 
interrupt causes the next instruction 
(following the WAI instruction) to be 
executed without going to the IRQ 
interrupt handler. This method results in 
the highest speed response to an IRQ 
input. When an interrupt is received 
after an ABORT that occurs during the 
WAI instruction, the processor return to 
the WAI instruction. Other than RES 
(highest priority), ABORT is the next-__ 
highest priority, followed by NMI or IRQ 
interrupts. 


STP Instruction-The STP instruction 
disables the @2 clock to all circuitry. 
When disabled, the a2 clock is held in 
the high state. In this case, the Data 
Bus remains in the data transfer state 
and the Bank address is not multiplexed 
onto the Data Bus. Upon executing the 
STP instruction, the RES signal is the 
only input that can restart the 
processor. The processor is restarted 
by enabling the @2 clock, which occurs 
on the falling edge of the RES input. 
Note that the external oscillator must be 
stable and operating properly before 
RES goes high. 


COP Signatures-Signatures 00-7F may 
be user defined, while signatures 80-FF 
are reserved. 


RDY Pulled During Write- The NUOS 
6502 does not stop during a write 
operation. In contrast, both the 
VL65C02 and the VL65C816 do stop 
during write operations. The VL65C802 
stops during a write when in the Native 
mode, but does not stop when in the 
Emulation mode. 
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MVN and MVP Affects on the Data Bank 
Register -The MVN and MVP 
instructions change the Data Bank 
Register to the value of the second byte 
of the instruction (destination bank 
address). 

INTERRUPTS 


Interrupt Priorities-The following 
interrupt priorities are in effect should 
more than one interrupt occur at the 


same time: 


RES Highest 


IRQ Lowest 


TRANSFERS 

Transfers from 8-Bit to 16-Bit, or 16-Bit 
to 8-Bit, Registers - All transfers from 
one register to another result in a full 16- 
bit output from the source register. The 
Destination Register size determines 
the number of bits actually stored in the 
destination register and the values 
stored in the processor Status Register. 
The following are always 16-bit 
transfers, regardless of the accumulator 
size: 


TCS; TSC; TCD; TDC. 


Stack Transfers-When in the Emulation 
mode, a01 is forced into SH. In this 
case, the B Accumulator is not loaded 
into SH during a TCS instruction. When 
in the Native mode, the B Accumulator is 
transfered to SH. Note that in both the 
Emulation and Native modes, the full 16 
bits of the Stack Register are 
transferred to the A, B, and C 
Accumulators, regardless of the state of 
the M bit in the Status Register. 


Vii VL65C816-VL65C802 


ABSOLUTE MAXIMUM RATINGS 


Ambient Operating | Stresses above those listed under | This device contains input protection 


Temperature - 0°C to +70°C "Absolute Maximum Ratings" may cause eal ears en es a static 

- Ere ° permanent damage to the device. These voltages or electric fields. However, 
ee een re = seit are stress ig ohh Functional precautions should be taken to avoid 
Supply Voltage ae operation of this device under these or application of voltages higher than the 
Ground Potential 0.3Vil0+7.0V any conditions other than those maximum rating. 
Applied Input eae indicated in this data sheet is not 
Voltage -0.3 Vto VDD +0.3V implied. Exposure to absolute maximum 


rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS: TA = 0°C to +70°C, VDD = 5 V+ 5% 
Parameter Symbol | Min, S| Max [_sUnit 


Input High Voltage VIH 
RES, RDY, IRQ, Data, SO, BE, Voo + 0.3 . V 
2 (IN), NMI, ABORT . 0. : Mee Voo + 0.3 V 
Input Low Voltage 
RES, RDY, IRQ, Data, SO, BE, Jv 
2 (IN), NMI, ABORT | | | V 
Input Leakage Current (Vin = 0 to Vpp) . ” 
RES, NMI, RDY, IRQ, SO, BE, ABORT (Internal Pullup) LA 
2 (IN) | pA 
Address, Data, RW (Off State, BE = 0) LA 
Output High Voltage (loH = -100uA) _ | 
SYNC, Data, Address, R/W, ML, VP, M/X, E, VDA, VPA, 
1 (OUT), 2 (OUT) 
Output Low Voltage (IoL = =1.6mA)__ 
SYNC, Data, Address, R/W, ML, VP, M/x, E, VDA, VPA, 
o (OUT), @2(OUT)- 


Capacitance (VIN = OV, TA = 25°C, f= - 2 MHz) 
Logic, @2 (IN) 
Address, Data, R/W (Off State) 2 


Standby Current (No Load, Data Bus =Vss or Vop. 
RES, NMI, IRQ, SO, BE, ABORT, @2 = Vpp) 
. CIN 
wesc oe Cts 
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32-BIT REDUCED INSTRUCTION SET COMPUTER 
EATURES 


F 


32-bit internal architecture 
32-bit external data bus 
64M-byte linear address space 


Bus timing optimized for standard 
DRAM usage with page mode 
operation 

32M-byte/second bus bandwidth 
Simple, powerful instruction set 
providing an excellent high-level 
language compiler target 
Hardware support for virtual 
memory systems 

Low interrupt latency for real-time 
application requirements 

Full CMOS implementation results in 
low power consumption 


Single 5 V+ 5% operation 


84-pin JEDEC Type-B leadless chip 
carrier or plastic leaded chip carrier 
(PLCC) 


DESCRIPTION 


The VL86C010 Acorn RISC Machine 
(ARM) is a full 32-bit general-purpose 
microprocessor designed using 
reduced instruction set computer 
(RISC) methodologies. The processor 
is targeted for the microcomputer, 
graphics, industrial, and controller 
markets for usé in Stand-alone or 
embedded systems. Applications in 
which the processor is useful include 
laser printers, graphics engines, N.C. 
machines, and any other systems 
requiring fast real-time response to 
external interrupt sources and high 
processing throughput. 


The VL86C010 features a 32-bit data 
bus, 25 registers of 32 bits each, a 
load-store architecture, a partially 
overlapping register set, 3 1s worst- 
case interrupt latency, conditional 
instruction execution, a 26-bit linear 
address space, and an average 
instruction execution rate of from three 
to four million instructions per second 
(MIPS). Additionally, the processor 
supports two addressing modes: 
program counter (PC) and base 
register relative. The ability to do pre- 


stacks and queues to be easily 
implemented in software. All 
instructions are 32 bits long (aligned 
on word boundaries), with register-to- 
register operations executing in one 
cycle. The two data types supported 
are 8-bit bytes and 32-bit words. 


Using a load-store architecture 
simplifies the execution unit of the 
processor, since only afew 
instructions deal directly with memory 
and the rest operate register-to- 
register. Load and store multiple 
register instructions provide enhanced 
performance, making context switches 
faster and exploiting sequential 
memory access modes. 


The processsor supports two types of 
interrupts that differ in priority and 
register usage. The lowest latency is 
provided by the fast interrupt request 
(FIRQ), which is used primarily for /O 
to peripheral devices. The other 
interrupt type (IRQ) is used for 
interrupt routines that do not demand 
low-latency service or where the 
overhead of a full-context switch is 
small compared with the interrupt 


and post-indexing allows process execution time. 
PIN DIAGRAM 
JEDEC Type-B Ceramic Leadless Chip Carrier 
Mi_ SEQ A25 A23 A21 A19 A17 A15 A13 Alt 
GND| MO | ALE | A24]A22] A20| A18|A16| A14| A12|voc 
JUUUUUUU 
12 13 14 15 16 17 18 19 20 21 22 2324 25 26 27 28 29 3031 32 
11 33 
34 
35 
36 
37 
38 ORDER INFORMATION 


Bottom View 


39 
40 Part 


4 Number 
42 


VL86C010-04QC 


Clock | 
Frequency | Package 


| Plastic Leaded 
Chip Carrier 


4 MHz 
47 JEDEC Type-B 
48 VL86C010-04LC Ceramic Carrier 
49 : 
50 
51 Plastic Leaded 
59 VL86C010-08QC Chip Carrier 
53 8 MHz 


7473 72 71 7069 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 


JEDEC Type-B 


VL86C010-08LC Ceramic Carrier 


D26 | p24 | 22 | D20|p18]016|014]D12|D10] Ds janD 
D25 D23 D21 D19 D17 D15 Di3 Di1 D9 VCC 
Note: Operating temperature range: 0°C to +70°C. 
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BLOCK DIAGRAM 


INSTRUCTION 
DECODE 
AND 


EXECUTION - 
PIPELINE 


PIPELINE 
DATA IN 
BUS 


INCREMENTER BUS 


ALU OUTPUT BUS 


ADDRESS ; 
ADDR BUSY INCREMENT me cae aay 
“LOGIC 


READ PORT B BUS 


“MEMORY 
Cal ‘ADDRESS 
REGISTER 
ADDRESS 
BUS - MEMORY 

DATA 
REGISTER 
(READ) 


32 - BIT 
BARREL 
SHIFTER 


MEMORY 
DATA 
REGISTER 


(WRITE) 


FIXED POINT 
ALU 
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SIGNAL DESCRIPTIONS 
Pin 

Signal Number 

Name (1) 

Q1,O2 2,1 

IRQ 7 

FIRQ 8 

RESET 9 

ABORT 6 

DO - D31 46 - 53, 
56 - 74, 77 -81 

DBE 83 

Bw 84 

M0, MT 14,13 

AO -A25 44 - 34, 
31-11 

ABE 45 

ALE 16 

the 


VL86C010 Wim 


Signal 
Description 


Processor Clock @1 and @2 Inputs - These two inputs provide the clock to the circuit. In 
order to minimze clock skew, these inputs are not buffered internally and therefore must 
swing monotonically between GND and VCC without overshoot. The clocks must be 
non-overlapping and should be driven directly by 74HCXX outputs. 


interrupt Request input - This is the normal interrupt request pin. It may be asserted 
asynchronously to cause the processor to be interrupted. It is active LIW. 


Fast Interrupt Request Input - This interrupt request line has a higher priority than IRQ, 
but otherwise is the same. It, too, is active LOW. 


Reset Input - This is the reset signal for the processor. While active, the processor will 
execute no-ops until the signal. goes inactive, from which point execution starts at the 
reset vector location. This signal is active HIGH. 


Abort Input - This signal can be used to abort the current bus cycle being executed by the 
processor. Typically it is connected to a memory management unit to control accesses 
for protection. The abort signal is active HIGH. 


Data 0- Data 31 - This is the 32-bit bi directional data bus used to transfer data to and 
from the memory. These lines are three-state and active HIGH. 


Data Bus Enable Input - This is the asynchronous three-state control signal for controlling 
the drivers of the data bus. When asserted, the data bus is enabled. This signal is active 
HIGH. 


Byte / Word Output - This early warning signal (note 2) indicates to the memory system 
that the current fetch is a byte, rather than a word, fetch. It is asserted during the last 
portion of the cycle preceding the cycle that will require a byte fetch. When asserted 
(LOW) the memory system should deal with bytes. It is active LOW. 

Mode 0,1 Outputs - These two signals are used to indicate the current operating mode of 
the processor. They can be used as address space modifiers to increase the address 
space, or to assist amemory management unit in offering various protection modes. The 
lines are active LOW and the inverse of bits 0,1 of the processor status register. 


MO MT MODE 
0 0 Supervisor 
0 1 IRQ 
1 0 FIRQ 


1 1 USER 


Address 0 - Address 25 Outputs - These are the 26 address lines. AO and Ai are byte 
addresses and should be ignored except during byte memory cycles. During word 
transfers the current mode value will appear on these signals. The address lines are three- 
state and active HIGH. | | = | 


Address Bus Enable Input - This is the asynchronous tri-state control signal for controlling 
the drivers of the address bus. When asserted the address bus is enabled. The signal is 
active high. 


Address Latch Enable Input- This signal is used to control internal transparent latches on 
the address outputs. When ALE is HIGH, the address outputs change during phase 2 to 
value required for the next cycle. Direct interfacing to ROMs requires address lines to be 
stable until the end of phase 2. Holding ALE LOW until the end of phase 2 will latch the 
address outputs for ROM cycles. Systems that do not directly interface to ROMs may tie 
ALE HIGH. 
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SIGNAL DESCRIPTIONS 
Pin 

Signal Number Signal 

Name (1) Description 

RW 3 R/W Output - This is the read / write signal from the processor. When asserted (LOW) it 
indicates that the processor is performing a read operation. When negated, (HIGH) the 
processor is performing a write operation. This signal is an early warning signal (note 2) 
and is active LOW. | 

MREQ 5 Next Memory Cycle Start Output - This is an early warning indicator (note 2) that is 
asserted before the processor will start amemory cycle during the next clock phase. This 
signal is active LOW. | 

TRANS 10 Translate Enable Output - This signal, when asserted by the processor, tells a memory 
management unit that translation should be done on the current address. When negated it 
indicates that the address should pass through untranslated. This signal is active LOW. 

OPC 4 Instruction Fetch Output - This early warning signal (note 2), when asserted, indicates 
that the current bus cycle is an instruction fetch. This signal is active LOW. 

SEQ 15 Next Address Sequential Output- This early warning signal (note 2) is asserted when the 
processor will generate a sequential address during the next memory cycle. It may be 
used to control fast memory access modes. This signal is active HIGH. 

Notes: 


1 Pin numbers are for JEDEC Type-B leadless chip carrier only. 
2 Early warning signals are asserted during the last portion of the cycle preceding the cycle for which they will be ines 


FUNCTIONAL PINOUTS 


VCC(4 
POWER f GND(4 
CLOCK 1 
INPUTS @2 

INTERRUPT IRQ 

CONTROL FIRQ 


SYSTEM RESET 
CONTROL’ ABORT 


ADDRESS BUS 
A25 - AO 


DATA BUS 
D31 - DO 


PROCESSOR 
MODE 


VL86CO10 
a | BUS 
oe CONTROL 
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FUNCTIONAL 


DESCRIPTION 
The philosophy of RISC processor 


design is based on the idea that some 
processing functions can be moved 
from hardware to software, with the 
result that the simplified hardware can 
actually execute functions in software 
faster than with complicated hardware. 
Analysis done several vears ago at 
major research centers has shown that 
a processor and compiler combination 
can replace the traditional processor- 
alone architectures. One of the sad 
historical facts of the 16-bit processor 
world is that, after chip designers spent 
many man-months figuring out how to 
implement universally acceptable 
complicated instructions to do such 
things as link to a subroutine, few 
compiler writers actually took advantage 
of these complex instructions. In fact, 
most compilers only use a fraction of the 
instructions and addressing modes of 
traditional computer architectures. 


In addition, the customer pays dearly 
for the unused silicon required to 
implement these instructions. The 
customer pays for the inefficient 
utilization in both cost of the processor 
and in lower performance since the 
silicon spent for complex instruction 
decoding and micro-sequencing could 
have been used for additional pipelining, 
larger register sets, or other special- 
purpose hardware that can be used 
efficiently. If the addition of anew 
instruction causes all instructions to 
execute 10% slower due to internal 
processor delays, the new instruction 
had better be used more than 10% of the 
time, otherwise overall performance has 
been sacrificed. This makes an 
argument for simple performance- 
oriented architectures that are more 
dependent on compiler technology to 
implement less frequently used 
instructions. 


A BETTER MEASURE OF 
PERFORMANCE 

Inherent in the concept of RISC 
processors is the notion that more 
instructions are required to implement 
the same functions than could be done 
by fewer instructions with a complex 
instruction set computer (CISC) 


processor. In most cases, even when 
more instructions are needed by RISC 
processors, the function can still be 
performed more quickly on RISC 
processors than CISC processors. This 
is causing the industry to doubt the 
million instruction per second (MIPS) 
ratings of RISC processors for good 
reason. Theterm MIPS is often used 
exclusively as a means of 
benchmarking performance. A better 
measure of performance is to time 
actual execution of real-world problems, 
independent of the number of 
instructions required to implement the 
function. Animportant parameter to 
keep constant when benchmarking 
processors is the memory access 
times, since not all processors will meet 
performance claims when working with 
commodity memories. 


Another traditional measure of 
performance in the microprocessor 
world is the clock frequency of the 
processor. " Faster is better" has been 
the rule of thumb, but the most important 
consideration is the average number of 
bus cycles per instruction. A processor 
with a lowclock frequency and alow 
number of bus cycles per instruction 
can actually outperform a processor 
with a high clock frequency and a higher 
number of bus clock cycles per 
instruction. The best choice of 


FIGURE 1. VL86C010 REGISTER SET 
31 


VL86C010 a 


processors is one that benchmarks high 
while using a relatively low clock 
frequency and a small number of clocks 
per instruction executed. The VL86C010 
possesses these characteristics giving 

it the best future evolution path to 

exploit advances in process 

technology. 


PROGRAMMING MODEL 

The VL86C010 contains aiarge, partially 
overlapping set of 25 32-bit registers, 
although the programmer can access 
only 16 registers in any mode of 
operation. Fifteen of the registers are 
general-purpose, with the remaining ten 
dedicated to such functions as user 
mode, FIRQ mode, IRQ mode, 
supervisor mode and the program 
counter / processor status register. 
Figure 1 shows the register model of the 
VL86C010. Registers ROtoR13are — 
accessible from the user mode for any 
purpose. The fifteenth register, user 
mode return-link, is specific to the user — 
mode. Its contents are mapped with 
those of other return-link registers as 
the mode is changed. The return-link 
register is used by the Branch-and-Link 
instruction in aprocedure call 
sequence, but may be used as a general- 
purpose register at other times. The 
least significant two bits of the 
processor status word (PSW) define the 
current mode of operation. 


8 7 0 


(LINK) 
3130 29 28 27 26 25 | 
IN| ZICIV] ITF PROGRAM COUNTER M1 {MO} ae ee 
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Five registers are dedicated to the FIRQ 


_mode and overlay user mode R10 to R14 


- when the fast interrupt request is 
serviced. The registers R10 FIRQ to 

- R13 FiRQare local to the fast interrupt 
service routine and are used instead of 
the user mode registers R10-R13. R14 
FIRQ holds the address used to restart 
the interrupted program, instead of 
pushing it onto a stack at the expense 
of another memory cycle. Using a link 
register helps provide very fast 
servicing of |/O-related interrupts, - 
without disturbing the contents of the 
general-purpose register set, although 
the FIRQ routine can access the RO to 
R9 user-mode registers if desired. The 
FIRQ mode is typically used for very 
short interrupt service routines that . - 
might fetch and store characters in a 
disk or tape controller application. 


The nexttwo registers are dedicated to 
the IRQ mode and overlay user mode 


R13 and R14 when the IRQ is serviced. — 


Once again, R14 IRQ is the return-link 
register that holds the restartaddress 
and R13 IRQis general-purpose and 
dedicated to the IRQ mode. This mode . 
is used when the interrupt service 


routine will be lengthy and the overhead 


of saving and reloading the register set 
will not be a significant portion of the | 
overall execution time. 


Two registers are dedicated to the 
supervisor mode and overlay user mode 
R13 and R14 when a supervisor mode 
switch is made using a SWI instruction. 


Operation of these two registers isthe 


same as previously discussed. 


The last register (R15) contains the 
processor status word and program 
counter and is shared by all modes of 
operation. The upper six bits are 
processor status, the next 24 bits are 
the program counter (word address), 
and the last two indicate the mode. 


PROCESSOR STATUS 

REGISTER 

Like most 32-bit processors the 
VL86C010 makes a distinction between 
user and supervisor modes: the user 
executes at the lowest privilege level, 
and the supervisor interrupts executes 
at higher levels of privilege. Figure 2 
shows the processor status 


FIGURE 2. PROCESSOR STATUS REGISTER 


3130 29 28 27 26 25 . 


ADDRESS SPACE 

- FAST INTERRUPT MASK * 
NORMAL INTERRUPT MASK * 
OVERFLOW 


- ZERO 


word containing the control line states 
associated with each mode. 


Translate is a control signal provided by 
the processor for control of an external 
memory management unit. The translate 
line is enabled in the user mode and 
disabled in the supervisor, fast 

interrupt, and normal interrupt modes, 


_ since all modes except for the user . 


mode are expected to be running secure 
code. Translated fetches can be made 
from the supervisor mode by setting an 
optional bit in the load /store : 


instructions. 


_ The processor status register 
contains the program counter, mode 


control bits, and condition codes, as_ 


- shown in Figure 2. The bits marked with 


an asterisk are alterable only from non- 
user modes. If the user tries to write to 
these bits, they remain unchanged and 
the processor continues operation in the 
user mode. In other words, this is nota 


| trap condition. The flags in the 


processor status register are the 
standard Negative, Zero, Carry, and 
Overflow. The sixteen allowable 
combinations of the condition code bits 
are shown in Table 1. These | 


combinations are used for all conditional 


instruction execution since a conditional 
branch is nothing more than ajump 
instruction with conditional execution. 
EXCEPTIONS : 

The VL86C010 supports a partially 


_ overlapping register set so that, when _ 


interrupts are taken, the contents of the 
register array does not have to be saved 
before new operations canbegin. 
Improved response time is 


accomplished, in the case of the fast 


interrupt, by dedicating four general- 
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Zee PROGRAM COUNTER | M1{MO} 


PC- 24 BITS YIELDS 64Mb MODE* 
0 USER 


CARRY, BORROW, ROTATEEXTEND 


NEGATIVE, SIGNED LESS THAN 


210. 


ADDRESS TRANSLATION 
FORCED | | 


FASTIRQ UNDERPROGRAM CONTROL 


1 
2 NORMALIRQ UNDERPROGRAM CONTROL 
3 


SUPERVISOR UNDERPROGRAM CONTROL | 


* .. ACCESS FROM NON-USER 
MODESONLY 


purpose registers, in addition to a return- 
link register, that are only accessible in 
the FIRQ mode. These dedicated 
registers can contain all the pointers 
and byte-counts for simple I/O service 
routines, thus incurring no overhead 
when context-switching between 
processing and servicing interrupts at 
high rates. The other modes (IRQ and | 
SUP) each have one general-purpose 
and one return address (link) register 
dedicated to them. The general-purpose 
register is ideally suitedfor _ 
implementing a local stack foreach 
mode. The need for dedicated registers 
in these modes is not as great, since the 
time spent in an interrupt or supervisor 
routine is on the average much greater 
than the time spent in transition between 
the routines. The working registers can 
be saved and restored from stacks 
without significant overhead. 


The interrupt latency of the VL86C010 is 
very short because the instruction 
execution time is typically 250 ns, witha — 
maximum of 2.25 1 (for a load multiple 
instruction, loading sixteen registers). 
Once the processor recognizes an 
interrupt is pending, the time to begin 
processing is 0.5 p, making a total 
worst-case interrupt latency of 2.75 p. 

In addition to interrupts, six other types 
of exceptions are supported by the 
processor. Theseareaddress 
exceptions, data-fetch cycle aborts, 
instruction-fetch cycle aborts, software 
interrupts, undefined instruction traps, 
and reset. : | 

The VL86C010 supports a 26-bit linear 
address space, allowing a total of 64M- 
bytes of physical memory. Data 
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TABLE 1. INSTRUCTION CONDITION CODES 


Condition Value Operation 

AL ee ES f 5 cl Always 

CC Fg Carry Clear / Unsigned Lower Than 

CS | le Carry Set / Unsigned Higher Or Sarre 
EQ | oo | Equal ( Z Set ) 

GE Greater Than Or Equal (N° V) +( N-V) 
GT Greater (((N*V)+(N*V))°Z) __ 

HI 8 Higher Unsigned (C -Z) 

LE | spss Less Than Or Equal (((N*V) +(N*V)) +Z) 
LS | lg Lower Or Same Unsigned (C +Z) 

LT a: ae Less Than ((N*V)+(N*V)) 

MI Negative (N ) 

NE Not Equal (Z ) 

NV Never 

PL | = 5g sds Positive (N) 

vc Overflow Clear 

VS | lg Overfiow Set 


references outside the range 0 to 
3FF,FFFFH cause an address exception 
trap that can be used to detect a run- 
away program. The program counter will 
wrap around to OOOOH without causing 
an address exception condition. 


If the abort signal is asserted by the 
memory management unit during a data 
fetch, the processor will abort data 
transfer instructions (LDR, STR) as if 
they had never been executed. Ifthe 
instruction was a block data transfer 
(LDM, STM), the processor will allow the 
instructions to complete. If the write- 
back control bit in these instructions is 
set, the base address will be updated 
even if it would have been overwritten 
during the instruction execution. An 
example of this would be execution of a 
block data transfer instruction with the 
base register in the list of registers to be 
overwritten. 


Software interrupt instructions (SWI) are 
used to change from user mode to 
supervisor mode. When encountered, 
the processor will save the current 
program counter (R15) into R14 SUP, 
set the mode bits to the supervisor 
mode, and start execution at the 
software interrupt vector address. 


An undefined instruction will cause a 
trap similar to the execution of a 
software interrupt, except that the 
undefined instruction vector will be 


used as the next address. 


Reset is treated similar to the other 
traps and will start the processor froma 
known address. When the reset 
condition is recognized, the currently 
executing instruction will terminate 
abnormally, the processor will enter the 
supervisor mode, disable both the FIRQ 
and IRQ interrupts, and begin execution 
at address OOOOH. While the reset 
condition remains, the processor will 
execute dummy instruction fetches. 


The processor exception vector map is 
illustrated in Figure 3. The exceptions 
are prioritized to reset (highest), 
address exception, data abort, FIRQ, 
IRQ, prefetch abort, undefined 
instruction, and software interrupt 
(lowest). These vector addresses 
normally will contain a branch instruction 


FIGURE 3. EXCEPTION VECTOR MAP 


to the associated service routine, 
except for the FIRQ entry. In order to 
further reduce latency, the FIRQ service 
routine may begin at address 001 CH if 
the software designer so chooses. 


Whenever the processor enters the 
supervisor mode, whether from a SWI, 
address exception, undefined 
instruction trap, prefetch, or data abort, 
the IRQ is disabled and the FIRQ 
unchanged. 


INSTRUCTION SET 

The VL86C010 supports five basic 
types of instructions with several 
options available to the programmer. 
These instruction types are: data 
processing , data transfer, block data 
transfer, branch, and software interrupt. 
All instructions contain a 4-bit 
conditional execution field (shown in 
Table 1) that can cause an instruction to 
be skipped if the condition specified is 
not true. The execution time fora 
skipped instruction is one sequential 
cycle (125 ns for an 8 MHz processor). 


Data processing instructions operate 
only on the internal register file and 
each has three operand references: a 
destination and two source fields. The 
destination (Rd) can be any of the 
registers, including the processor | 
status register, although some bits in 
R15 can only be changed in particular 
modes. The source operands can have 
two forms: both can be registers (Rm 
and Rn) or aregister (Rn) and an 8-bit 
immediate value. Both forms of operand 
specification provide for the optional 
shifting of one of the source values 
using the on-board barrel shifter. If both 
operands are registers, the Rm can be 


Address(Hex) | Function —PriorityLevel 
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TABLE 2. DATA PROCESSING INSTRUCTIONS 


Instruction 


ADC 
app |Add 
AND | And 
BIC 
CMN 
CMP 
EOR 
MOV 
MVN_ 
ORR 
ASB 
RSC 
SBC 
SUB 
TEQ__ 
tst____| TestMasked 


shifted. For the other case, it is the 
immediate value that can pass through 
the shifter. Another field inthese — 
instructions allows for the optional 
updating of the condition codes as a 
result of execution of the operation.» 
Table 2 shows the possible data. 
processing operations and the status 
flags affected. 


Data transfer instructions are used to 
move data between memory and the 
register file (load), or vice-versa (store). 
The effective address is calculated — 
using the contentsofthe source 
register (Rn) plus an offset of either a 
12-bit immediate value or the contents . 
of another register (Rm). When the 
offset is a register, it can optionally be 
shifted before the address calculation is 
made. Table 3 shows the addressing 
modes supported and their 
corresponding assembler syntax. The 
offset may be added to or subtracted 


from index register Rn. Incrementing or — 


decrementing can be either pre- or post- 
indexing, depending on the desired 
addressing mode. In the post-indexed 
mode, the transfer is performed using 
the contents of the index register as the 
effective address, and the index 
register is modified by the offset and 
rewritten. In the pre-indexed mode, the 
effective address is the index register 
modified in the appropriate manner by 
the offset. The modified index register 


=o 5 
Eas 
aval are 
[se 
eel 
ier Se 
Sere 
So 
fed 
<_e 
Earsael 
ae 
eel 


A 

F 

C 

7 
Ease 
cae 
fare 


— With Pre-Increment** 


can be written back to Rn, if the write- 
back bit is set (or left unchanged, if 
desired). When a register is used as the 
offset, itcan be pre-scaled by the barrel 
shifter in a similar manner, as with data 
processing instructions. 


Data transfer instructions can | 
manipulate bytes or words in memory. 
When a byte is read from the memory, it 
is placed in the low-order 8 bits of the 
register and zero-extended to a full 
word. For byte writes, the lower 8 bits of 
the register are written to the byte 
address referenced and the other bytes 
within the word unaffected. 

The VL86C010 supports both logical 
and physical address spaces at a lower 
level in hardware than other 
processors. Data transfer instructions 


Operation | Affected 
N.Z,C,V 
N.Z.C,V 
N.Z.C 
N.Z,C 
N.Z,C.V 
N.Z.C,V 
N.Z,C 
N.Z.C 
N.Z,C 
N.Z,C 
N.Z.C,V 
N.Z.C.V 
N.Z,C,V 
Rd:=Rn-Shift(S2) N,Z,C,V 
NZ.C 
JAn+shitys2) LUZ 


contain a translate enable bit that allows 
non-user mode programs to select the 
logical or physical address space as 
desired. The bit from the instruction is 
placed on the TRANS pin of the 
processor to signal an external memory 
management unit (MMU) whether to 
translate first or pass the address from 
the processor bus to the memory. This 
allows programs executing in the 
supervisor or interrupt modes to have 
easy access to user memory areas for 
page fault correction or to have bounds 
checking performed on dynamic data 
structures in the system space by the 
MMU. In the user mode, addresses are 
always translated by the MMU ifit is 
implemented in the system. 


The block data transfer instructions 
allow muktiple registers to be moved ina 
single instruction. The instruction has a 
field containing a bit for each of the 
sixteen registers visible in the current 
mode. Bit 0 corresponds to RO, and bit 
15 corresponds to R15, the program 
counter. A bit set in a particular position 
means that the corresponding register 
will be affected by the transfer. The 
register bits are always saved from 
lowest to highest and RO will always 
appear at a lower address than R1. The 
ability to pre- or post- increment or 
decrement allows both stacks and 
queues to be implemented efficiently 
with any convention chosen by the 
programmer. 

The branch instruction has two forms, 
branch and branch-with-link. The branch 
instruction causes execution to start at 
the current program counter plus a 24- 
bit offset contained in the instruction. 


TABLE 3. MEMORY ADDRESSING MODES 


With Post-Increment 


Base Register Offset 
With Pre-Increment** 


Base Register Index 
With Post-Increment 


Base Register Index 


We Effective Address 


Rn + Offset —® Rn 


PC Relative — EA* = PC + Offset (12 Bits) | LABEL 
_ Base Register Offset _ BAt=Rn [Rin],Off 


EA* = Rn + Offset (12 Bits) | Rano 
Rn+Offset —® Rn oN 


EA* = Rn 
Rn+Rm —® Rn 


EA* = Rn+Rm 
Rn+Rm —®& Rn 


([Rnj,Rm 


[Rn,Rm] 


** - Program control of index register update, i.e. Rn may be left unchanged. 
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The offset is left-shifted by 


two bits (forming a 26 bit address) 


before it is added to the program 


counter. Since all instructions are 


word-aligned a branch can reach any 


location in the address space. The 


branch-with-link instruction copies the 
program counter and processor status 
register into R14 prior to branching to 
the new address. Returning from the 


branch-with-link simply involves 


reloading the program counter from R14 
(MOV PC,R14). The PSR can optionally 
be restored from R14 (MOVS PC,R14). 
The software interrupt instruction format 
is used primarily for supervisor service 
calls. When this instruction is executed 
the PC and PSR are saved in R14 SUP. 
The PC ts then set to the SWI vector 
location and the processor placed in the 
supervisor mode. 


Instructions operate at speeds that are 


TABLE 4. INSTRUCTION EXECUTION TIMES 


Base Execution 


Operation 
RS -#—% RD 


Adjustment for 


tine | Sowee Sat 


Source Shift 


Adjustment for PC 
Modification 


1S + 1N if PC Modified 


RS-RS—® RD 1S +N if PC Modified 
LDR 1S + 1N if PC Modified 
STR | aN | ss tor shinies) | 
LDM | (nt+1)S+iN| ss 4S + IN if PC Modified 
STM P(nt-tyse2n | 
BR | asein, | 
BRALINK | 2S4in | 
Swi | assin | 


*n- the number of registers trarsferred in a Load /Store Mutiple nstruction. 
If the condition field in an instuction is not true, the instructicn is skipped and the 


execution time is 1S cycle. 
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32 54 
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 


dependent upon the options selected. 
Table 4 shows the instruction types, 
execution rates and adjustments for 
operand shifting or affecting the 
program counter. The table is 
expressed in terms of N and S cycles, 
representing non-sequential and 
sequential cycles, respectively. The 
processor is able to take advantage of 
memories that have faster access times 
when accessed sequentially in the 
nibble or column mode. These faster 
cycles are designated as S cycles, 
while the N cycles typically take twice 
as long. If faster static memory is used, 
the N and S cycles would be equal. 


The VL86C010 is offered in two 
packages, an 84-pin JEDEC Type-B 
ceramic leadless chip carrier and an 84- 
pin plastic leaded chip carrier (PLCC) for 
lower cost applications. The JEDEC 
Type-B package requires a suitable 
socket for mounting the carrier onto a 
printed circuit board. The PLCC package 
can be either surface-mounted directly 
onto the board or socketed with 
currently available standard sockets, 
depending on manufacturing 
requirements and/or capabilities. 


ABSOLUTE MAXIMUM RATINGS 

Ambient Operating -10 to +80°C _ Stresses above those listed under 
Temperature "Absolute Maximum Ratings” may cause 
Storage Temperature -65 to + 150°C permanent damage to the device. These 


are stress ratings only. Functional 
Supply Voltageto -0.5toVCC+0.3V operation of this device at these or other 


Ground Potential conditions above those indicated in the 
Applied Output -0.5to VCC +0.3V operational sections of this 

Voltage specification is not implied and 

Applied Input 0.510+7.0V exposure to absolute maximum rating 


conditions for extended periods may 


Voltage affect device reliability. 


Power Dissipation 2.0 W 


DC CHARACTERISTICS TA=0°Cto+70°C, VCC =5 V+5% 


Conditions 


Symbol - Parameter ; | Max =| Unit | 
VOH Output High Voltage VCC-0. IOH = -3.0 mA 
VOL Output Low Voltage IOL = 3.6 mA 
VIH VCC-0.3 VCC+0.3 V 

: All Others VCC+0.3 
VIL j 


Input Low Voltage 


VIN = 0V to VCC 
VOUT = OV to VCC 
| | mA See Note 3 


| 
Q 
N 
-| 
14 


CAPACITANCE TA=25°C,f=1.0MHz 


Cl Input Capacitance - | sf TBD | opF_ | :“VIN=0V-See Note 4 
CO Output Capacitance | | TBD] pF VOUT =0V- See Note 4 


Notes: 
1 Measured with outputs unloaded. 
2 Periodically sampled as opposed to 100% tested. 
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AC CHARACTERISTICS TA =0°C to+70°C, VCC =5 V+5% 


VL86C010 - 4 VL86C010 - 8 


Symbol | Parameter 


Ww [omannowa [eo] | [e] | |» 


TCKL Clock Low Time TBD 125 {10000} TBD | 62.5 | 10000 ns 


TCKH | Clock High Time TBD | 125 62.5 | 10000 


TAOUT | Address Delay Time 


ra | address How time || 10 [70] | 
RE aah cet 


TRWS_ | RW Setup Time D ee | TBD 
TRWH | RW Hold Time TBD TBD 


TDOH Data Out Hold Time 


TDOUT | Data Out Delay Time — 


TDIS Data In SetupTime 


TDIH Data In Hold Time Pt 
100E [ons aennievime | [ew] | [a] 


TDBZ Data Bus Disable Time 


TABTS | Abort Setup Time | | 70 | 


TABTH | Abort Hold Time 


eee 
= | ® 
oO}; oO 


TSEQD | Sequential Delay Time 


oh, 


a 
= oO 


TSEQH | Sequential Hold Time 


AC TEST CONDITIONS 


Input Output 
sov + <4 


0.0V 


AC Test 
Points 


< 


* Includes Scope and Jig 


Capacitance 
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Conditions 


Measured at 2 V Point 


i Device Under Test 4802 


100 pF” 


AC TEST LOAD CIRCUIT 


+5.0 V 


Vila visccoio 


TIMING DIAGRAMS 
PROCESSOR CLOCKS 


ou Z2.0V - 


MINIMUM BUS CYCLE 


TCKL . TCKH 


PH2 


A25 - AO 
(ALE HIGH) 
RW 
DOUT 
DIN 


ABORT 


SEQ 


VL86C010 a 


TIMING DIAGRAMS 
DATA BUS ENABLE 


DBE 


DATA 


BUS ee TDBE 


EXAMPLES OF THE INSTRUCTION SET 


The following examples illustrate methods that basic ARM instructions can be combined to yield efficient code. None of the 
methods saves a large amount of execution time, although they all save some; most result in more compact code. 


EXAMPLE 1 - USING THE CONDITIONAL EXECUTION FOR THE LOGICAL OR FUNCTION. 


CMP _ Rn,#p ;IF Rn=pORRm=q THEN 
BEQ Label ; GOTO Label 

CMP Rm,#q 

BEQ Label 


By using conditional execution, the routine compresses to: 


CMP Rn, #p © | | 
CMPNE Rm,#q ~ ; if Rn not equal p, try other test 
BEQ Label 


EXAMPLE 2- ABSOLUTE VALUE 


TEQ Rn, #0 ; check sign 
RSBMI_ Rn, Rn, #0 ; and 2's complement if required 


EXAMPLE 3 - UNSIGNED 32-BIT MULTIPLY 


; enter with numbers in Ra, Rb - product contained in Rm 
MOV Rm, #0 ; init result register 
LOOP MOVS_ Ra,Ra,LSR #1 
ADDCS Rm, Rm, Rb 
ADD Rb, Rb, Rb 
BNE LOOP ; stops when Ra becomes zero 
;Rm=Ra* Rb 
;(Ra=0, Rbis altered ) 


EXAMPLE 4- MULTIPLICATION BY 4, 5, OR 6 AT RUN TIME 


MOV Pe, Ra, LSL #2 ; multiply by 4 

- CMP ~~ Rb,#5 ; test multiplier value 
ADDCS Rec, Re, Ra ; complete multiply by 5 
ADDHI Re, Re, Ra ; complete multiply by 6 


EXAMPLE 5 - MULTIPLICATION BY CONSTANT 24N USING THE BARREL SHIFTER ( 1, 2, 4, 8, 16, 32, ...) 


MOV Ra,Ra,LSL #n 
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EXAMPLE 6 - MULTIPLICATION BY CONSTANT (24N)+1 USING THE BARREL SHIFTER (3,5,9,17,...) 
ADD Ra, Ra, LSL #n 

EXAMPLE 7 - MULTIPLICATION BY CONSTANT (2"N) -1(3,7,15,...) 
RSB _—Ra, Ra, Ra, LSL#n | | 

EXAMPLE 8 - MULTIPLICATION BY 6. 


ADD Ra,Ra,Ra,LSL#1 ; multiply by 3 
MOV Ra, Ra,LSL #1 | ; and then by 2 


EXAMPLE 9 - MULTIPLY BY 10 AND ADD EXTRA NUMBER (DECIMAL TO BINARY CONVERSION) 
' ADD  Ra,Ra, Ra, LSL#2 multiply by 5 
ADD Ra, Re, Ra, LSL #1 ; multiply by 2 and add in next digit 
EXAMPLE 10 - DIVISION AND REMAINDER 


_; enter with numbers in Ra and Rb 


MOV Rent, #1 ; bit to control the division 

DIVi CMP _ Rb,Ra 7 ; move Rb until greater than Ra 

| MOVCC Rb, Rb, ASL #1 

MOVCC Rent, Rent, ASL #1 
BCC DIV1 

. MOV Fe, #0 

~DIV2 CMP Ra, Rb ; test for possible subtraction | 

SUBCS Ra, Ra, Rb ; subtract if valid 
ADDCS Rc, Re, Rent . ; put relevant bits in result 
MOVS_ Rent, Rent, LSR #1 ; shift control bit 
MOVNE Rb, Rb, LSR #1 ; halve unless finished 
BNE DIV2 


;resultin Re 
; remainder in Ra 
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MESSAGE - PASSING COPROCESSOR (MULTIBUS® Il) 


FEATURES 


¢ Full-function, single-chip interface to 
Parallel System Bus ( iPSB ) 


¢ Implements full message-passing 
protocol on iPSB bus 


¢ Offloads managing iPSB bus 
arbitration, transfer and exception 
cycies from iocai GPU 


Compatible with Bus Arbiter/ 
Controller (BAC) and Message 
Interrupt Controller (MIC) interface 
designs 


Maximizes performance on iPSB bus 
and local on-board bus 


Simplifies highly functional 
interconnect space implementations 
for both local and iPSB buses 


¢ Processor-independent interface to 
iPSB bus | 


* Supports co-existence of dual-port 
and message-passing architectures 


® MULTIBUS is a registered trademark 
of Intel Corp. 


FUNCTIONAL 
DESCRIPTION 


The VL82C389 Message Passing 
Coprocessor (MPC) provides a high- 
integration interface solution for the 
Parallel System Bus (iPSB ) of the 
MULTIBUS II architecture. The device 
integrates the logic necessary to 
implement a full bus interface solution, 
including support for message passing 
and interconnect spaces, as well as 
memory and I/O references on the iPSB 
bus. In addition, the MPC is designed to 
simplify implementation of dual-port 
memory functions for those designs 
that must co-exist with message 
passing. 


The message address space in the 
MULTIBUS II architecture has been 
defined to provide a high-performance 
interprocessor communication 
mechanism for multiprocessor systems. 
By performing the message space 
interface, the VL82C389 MPC offloads 
the interprocessor communication tasks 
from the local on-board CPU, which 
decouples the local bus activities from 
the iPSB bus activities. Decoupling 


these two functions eliminates an 
interface bottleneck present in 
traditional dual-port architectures. The 
bottleneck is a result of having a dual- 
port architecture that requires a tight 
coupling between a processor and some 
shared memory resource of limited size. 
Unfortunately, as the number of 
processors increases, the dual-port 
structure degradates system 
performance even more dramatically. 


Using the MPC component to decouple 
these resources yields several 
enhancements to system performance. 
For example, resources on the local 
processor bus and parallel system bus 
are not held in wait states while 
arbitration for other resources is 
performed. In addition, each transfer 
can occur at the full bandwidth of the 
associated bus. The benefit of this is 
the increased overall system 
performance that results from 
processors being able to process other 
tasks in parallel, with message transfers 
being handled by the MPC component. 


BLOCK DIAGRAM 


LOCAL BUS INTERFACE 


LOCAL BUS 
MULTIPLEXING 
BUFFERS AND 

CONTROL 


INTERNAL LOCAL BUS 
INTERCONNECT MEMORY, VO AND 
REGISTERS AND INTERCONNECT Bilan 
OPERATION REFERENCE ici 
INTERCONNECT CONTROL CONTROL 
BUS SPACE 
INTERFACE DUAL-PORT 
INTERNAL iPSB BUS MEMORY 
CONTROL 
INTERFACE 


ARBITRATION 
TRANSFER AND 
EXCEPTION 
CONTROL 


iPSB BUS INTERFACE 


ORDER INFORMATION 


Package 


VL82C389-GC Ceramic Pin 
Grid Array 


(PGA) 


Note: Operating temperature range: 
0°C to 70°C. 


3-55 


Fr 


ta Vis2c389 PRELIMINARY 


FUNCTINGAL 
DESCRIPTION 


Arbitration, Transfer, and 
Exception Cycle Protocol 

Support 

The Message-Passing Coprocessor 
component implements the full 
arbitration, transfer, and exception 
cycle protocols required to interface to 
the iPSB bus. Arbitration is supported 
for both normal fairness mode and high 
priority mode. 


The MPC component performs the 
handshake protocols necessary to 
successfully complete iPSB transfer - 
operations. Transfer operations include 
access to memory, I/O, message and 
interconnect address spaces on the 
iPSB bus.. During the transfer cycle, the 
device generates and checks parity on 
the System Control (SC) lines and on the 
Address/Data (AD) lines. In addition, 
the MPC component recognizes agent 
errors and bus exceptions that are 
reported to the local CPU for evel 
action. 


INTERFACE DESCRIPTION 

This section describes each interface 
noted in the block diagram on the front 
page. These interfaces include the local 
bus, the iPSB bus, the interconnect 

bus, and dual-port memory. 


The Local Bus Interface 

The local bus interface is used to 
provide a processor-independent path 
from the on-board CPU to the iPSB bus. 
This interface supports direct 
references (memory, I/O, and 
interconnect address spaces) to the 
iPSB bus, references to local on-board 
interconnect space, and the full protocol 
for unsolicited and solicited message 
operations to/from the on-board CPU. 
Within the MPC component, local bus 
interface support consists of three 
logical interfaces: register, reference, 
and DMA. The register interface is used 
for message operations and access to 
interconnect address register on-board. 
These operations are completed fully 
asynchronous to the bus clock or 
interconnect bus operations. The 
reference interface is used to access 
resources asynchronous to the CPU 
(local interconnect space and memory, 
I/O, and interconnect address spaces 
on the iPSB bus). The DMA interface is 
used to transfer data for solicited 
message operations. This interface is 
designed to allow either two-cycle or 
single-cycle transfers. Single-cycle 


transfers allow direct transfer of data 
between the MPC component and 
memory. To achieve higher 
performance via single-cycle transfers, 
the DMA interface is optimized for 
aligned data structures; however, 
operation on arbitrary byte strings is 
also supported. 


iPSB Bus Interface . 

The iPSB bus interface implements a full 
32-bit interface to the iPSB bus. This 
implementation includes arbitration, 
requestor control, replier control, and 
error handling functions. As a 
requestor, the MPC component 
supports references to memory, I/O, 
and interconnect spaces, as well as 
message packet transmission. As a 
replier, the MPC component supports 
interconnect space and message | 
packet reception. In addition, this 
interface provides significant 
management services for external dual 
port memory. These services include: 
address recognition, iPSB bus replier 
handshake, agent error checking, and 
bus parity generation and checking. 
Although this device handles the 
majority of errors, the dual-port memory 
controller is still responsible for 
generation and check of memory data 
parity (not bus parity). 


Interconnect Bus Support 

Simply stated, the interconnect address 
space provides a physical addressing 
mechanism (rather than logical) for 
software initialization and configuration 
of system parameters (reduces jumper 
configuration) and system level 
diagnostics. The interconnect bus 
provides a simple 8-bit path between the 
MPC component and a user-defined 
design for the implementation of 
interconnect space. All references to 
interconnect space (either from the local 
bus or the iPSB bus) are routed through 
this path for service. In addition, this 
interconnect bus can be used for non- 
reference related activities as 
diagnostics. An example of a highly 
functional interconnect space 


‘implementation is evidenced by the 


microcontroller implementation of Intel's 
iSBC 386/100. Further details of this 
implementation are available in the iSBC 
386/100 Hardware Reference Manual 
(Intel order number: 146705-001). 


Dual Port Memory Support 

Although the MULTIBUS II architecture | 
has defined the message address 
space for optimized performance of 
interprocessor communicaiton, more 


traditional designs can use dual-port 
memory implementations. The iPSB bus 
interface has been defined to allow co- 
existence of dual-port memory and 
message-passing architectures; 
however, it should be noted that the 
iPSB bus interface is optimized for 
message-passing architectures. The 
MPC component is designed to support 
this co-existence. The device can be 
configured to recognize a range of 
addresses in memory space and act as 
an iPSB bus replier when appropriate. If 
an address match is detected, the MPC 
component signals the external dual- 
port memory controller of the request. 
While the MPC component provides an 
error detection and recovery mechanism 
for most agent errors and bus 
exceptions in a dual-port design, it is 

still the responsibility of the dual-port 
memory controller to generate and 
check memory data parity. 


Single Board Computer Configuration 
The Message Passing Coprocessor 
component provides a processor- 
independent iPSB bus interface solution 
for intelligent SBC boards. Examples 
include CPU boards, intelligent 
peripheral controllers, file servers, 
intelligent data communications 
controllers, and graphics/image 
processors. This component is 
optimized for bus master or intelligent 
slave designs. Using the MPC 
component reduces overall board real 
estate required for the iPSB bus 
interface. The MPC component 
improves system reliability by 
performing the error checking and 
reporting protocols defined in the iPSB 
bus interface specification. 


Message Support 

The MPC provides full support for 
unsolicited and solicited messages. For 
solicited messages, the MPC supports a 
one message deep transmit FIFO and a 
four message deep receive FIFO. For 
solicited messages, the MPC supports 
one output channel and one input 
channel. Each channel has two packet 
buffers to allow pipelined operations on 
the local and iPSB buses. These 
features provide the required level of 
support necessary to implement the 
high-bandwidth message-passing 
facility defined in the Multibus II 
architecture. 


Unsolicited Message Support 
Unsolicited message support in the MPC 
is provided on the local bus viaa 
register interface and on the iPSB bus 
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with a packet transfer mechanism. An 
unsolicited message is initiated by the 
sending host CPU transferring a 
message to its local MPC. The transfer 
is performed as a series of register 
operations to the transmit FIFO. An un- 
solicited message may be from 4 to 32 
bytes in length in four-byte increments. 
Once the unsolicited message is 
transferred to the MPC, the sending 
host is free to discard the message in 
memory and process another task if it 
so chooses. In parallel the MPC 
requests access to the iPSB bus for the 
pending transfer. Once the iPSB bus is 
obtained, the sending MPC transfers the 
message, as a single packet, to the 
receiving agent. 


The receiving agent recognizes the 
incoming packet by its destination 
address field. If the MPC on the 
receiving agent detects a match 
between its message host ID and the 
destination address field, the packet is 
stored in a buffer and checks for error 
conditions. Any errors found are 
signaled to the sending MPC via the 
iPSB bus protocol. 


Assuming the packet received is error- 
free, the receiving host CPU is informed 
of the message via an interrupt signal 
generated by the MPC. The host 
responds to this interrupt by performing 
a series of register operations to 
retrieve the message from the receive 
FIFO. 


lf an error occurs during the transfer of 
an unsolicited message over the iPSB 
bus, the sending MPC takes recovery 
action. If the error is a NACK, the MPC 
retries the message a predetermined 
number of times. All other errors are 
reported back to the sending host CPU 
for recovery actions. The host CPU is 
signaled via an interrupt and can 
retrieve the unsolicited message, with 
error status, through the error FIFO. 
Again this operation is performed with a 
series of register operations. 


Solicited Message Support 
Solicited message transfers can be 
divided into three basic phases: 
negotiation, data transfer, and 
completion. The negotiation phase of 
the solicited transfer requires the 
exchange of two special unsolicited 
messages between the sending and 
receiving agents. The buffer request 
message is transferred from the sending 
agent to the receiving agent and the 
buffer grant is returned from the 
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receiving agent to the sending agent. 
The MPC supports the transfer of these 
messages with the standard transfer 
protocol on the iPSB bus as previously 
described for the typical unsolicited 
message. 


A solicited message transfer is initiated 
by the sending host CPU writing a buffer 
request message to the sending MPC 
transmit FIFO. The sending MPC 
recognizes the message as a buffer 
request and saves the following 
information. The destination and source 
addresses are saved for use in the data 
transfer phase. The request JD is saved 
for identification during completion or 
cancel operations. The transfer length is 
saved to determine the end of transfer 
and may contain any number of bytes. 
The MPC will pad the transfer to an even 
four-byte increment on the iPSB bus. 


The sending MPC then assigns a sender 
liaison ID and transfers the buffer 
request message packet on the iPSB 
bus. The sender liaison ID is used to 
bind the buffer grant ( or reject ) to its 
corresponding buffer request when it is 
received back at the sending MPC. This 
allows the protocol to be extended to 
multiple concurrent transfers in the 
future. 


The transfer phase is handled by the 
sending and receiving MPCs and their 
DMA controllers. Neither host CPU is 
involved in the transfer, and each may 
be processing other tasks during the 
transfer. At the sending agent, the 
transfer phase is slightly overlapped 
with the negotiation phase. As soon as 
the buffer request packet is sent error- 
free on the iPSB bus, the sending MPC 
pre-fetches up to two packets of data 
and prepares for transmission. Upon 
receiving the buffer grant and storing 
the necessary parameters, the data 
packet transfer is initiated. Data 
packets are then sent on the iPSB bus 
using full bandwidth block transfers, at 
intervals defined by the duty cycle 
parameters, until the transfer is 
complete. The end of transfer is 
signaled to the receiving MPC by the 
last data packet. A solicited transfer 
may consist of from one to 32 packets. 
Packets are bound to 32 bytes plus 
header, with total transfers limited to 16 
Mbytes. 


At the receiving agent, the transfer 
phase begins after a buffer grant packet 
has been sent error-free on the iPSB 
bus. The receiving MPC then detects 


data packets, verifies the liaison ID, and 
stores the data. If the solicited input 
channel is not active (e.g., due to local 
cancel) or the liaison ID does not match, 
an agent error is signaled on the iPSB 
bus. Errors during the transfer phase 
are rare. Flow control using the duty 
cycle parameter prevents NACK 
problems, and the receiver has 
responded with a buffer grant 
guaranteeing Its existence and ability to 
perform the transfer. In the rare case 
that an error does occur, the MPC 
provides a retry algorithm for NACKs 
and reports exceptions or other agent 
errors immediately. The error is signaled 
to the host CPU by entering the 
completion phase. Errors generate an 
interrupt and provide error status. 


The completion phase consists of a 
signal from the MPC to its corresponding 
host CPU. The signal consists of an 
interrupt followed by a series of register 
operations on the local bus. In all cases, 
the completion operation clears all 
states associated with the solicited 
operation in the MPC, allowing another 
operation to be initiated. 

The MPC guarantees fail-safe operation 
for all aspects of the solicited message 
transfer, assuming the bus clock 
remains active ( if the bus clock fails, all 
transfers cease, eliminating the need for 
recovery). This capability is provided by 
the error detection and reporting already 
discussed for bus-related problems and 
by two fail-safe counters that protect 
against fatal hardware or software errors 
on the sending or receiving agents. 
Recovery is provided to free a solicited 
message resouce that would otherwise 
be tied up indefinitely, which eliminates 
the need for a fail-safe software timer. 


It is important to note that the fail-safe 
counters are not intended for normal 
flow control. If a receiving host CPU 
accumulates a significant queue of 
buffer requests from its MPC, it should 
use unsolicited messages (and possibly 
rejects) to free channels in the system 
for other uses. The fail-safe counters 
are only intended to replace the need for 
a software timerto recover from 
otherwise fatal hardware and software 
errors. 


For a more comprehensive explanation 
of the MPC function, please refer to the 
Intel document, Multibus Il Message 
Passing Coprocessor External Product 
Specification ( Engineering Document 


Number: 149300-001).. 
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PIN DIAGRAM 
Ceramic Pin Grid Array (PGA) 
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TOP VIEW 


Vcc 


(0) 38 


VSS VSS BPARO* VSS 


VSS_REFADR" VCC 


(@)33 ©)43 (©)47 ©s © 5s ©57 Oe O88 O71 @7 (0)77 ©)a1 


ARB5* 


ARB4* BREQ* BUSERR* LACHN BPAR3* BPAR1* BAD30* BAD28* BAD25* BAD23* BAD2t* 
(©)42 (©)45 (©)48 (©)50 (©)54 Cleo Csi Cu ()67 ()e9 ()72 @)78 


BAD29* BAD26* BAD24* BAD22" 


(©)46 (©)49 (©)52 ()53 (55 ()58 (©)59 (Ces (ss ()ss ©)” (©)73 


3-58 


PRELIMINARY VL82C0389 


SIGNAL DESCRIPTIONS 


The MPC signals can be classified into five interface groups: the iPSB bus, the dual-port RAM, the local bus, the interconnect 
bus and power/ground. This table describes the individual signals for each of these interfaces. 


Signal 
Name 


BREQ* 


ARBO", 
ARB1*, 
ARB2", 
ARBS3", 
ARB4", 
ARB5* 


BADO*- 
BAD31* 


BPARO", 
BPAR1*, 
BPAR2", 
BPAR3* 


ADDIR 


REFADR" 


SCDIRO, 
SCDIR1 


BSCO*- 
BSC9* 
iIPSB 


Pin 
Number 


48 


44, 41, 46, 42, 


45,43 


See Table 


62, 61,59, 60 


52 


51 


32, 40 


See Table 


Signal 
Description 


The bus request is a bidirectional, open-drain signal with high current drive. It connects directly 

to the iPSB bus. As an input, it indicates that there are agents awaiting access to the bus. In fair 
access mode, this inhibits the MPC from activating its own request. As an output this signal is used 
to request bus access. Further details can be found in iné iPSB bus specification. 


The arbitration signals are bidirectional, open drain signals with high current drive. They connect 
directly to the iPSB bus. These signals are used during normal operation to identify the mode and 
arbitration ID of an agent during arbitration cycles. During system initialization (while reset is active) 
these signals are used to initialize slot and arbitration IDs. Further details are available in the iPSB 
bus specification. 


The address/data signals are bidirectional lines that connect to the iPSB bus AD* signals through 
74F245 or equivalent transceivers. Further details are available in the iPSB bus specification. 


86 88 


Tefe fees] =| 7 


The byte parity signals are bidirectional lines that connect to the iPSB bus PAR* signals through 

a 74F245 or equivalent transceiver. These signals are used to receive byte parity for incoming 
operations and to drive byte parity for outgoing operations. The MPC is responsible for parity 
generation and checking even if the address/data signals are driven from another source (e.g., dual- 
port memory data, address for reference, etc.). Further details are available in the iPSB bus 
specification. 


The AD direction signal is an output used to control the direction of the 74F245 or equivalent 
transceivers for the BADO”* thru BAD31* and BPARO* thru BPAR3* signals. Activating this signal 
drives data to the iPSB bus. 


The reference address signal is an output from the MPC used to enable external address buffers for 
memory and I/O reference operations. Activating this signal drives the reference address onto the 
BAD* bus. 


The control/handshake direction signals are outputs used to control the direction of the 74F245 or 
equivalent transceivers for the BSC* signals. The SCDIRO signal is used for BSCO* - BSC3* and 
BSC9"*. The SCDIR1 signal is used for BSC4* - BSC8*. Activating these signals drives data to the 
iPSB bus. 


The control/handshake signals are bidirectional lines that connect to iPSB bus SC* signals through 
74F245 or equivalent transcievers. Details on the operation of these signals are available in the 
bus specification. 


a 
ps tet=tetets] 
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SIGNAL DESCRIPTIONS (c (Cont) 


Signal Pin | Signal 
Name Number — Description 
BBCLK 55 : The bus clock input signal is a buffered version of the iPSB bus BCLK* signal. It is assumed that a 
| 74AS1804A or equivalent buffer is used. This clock is used for all synchronous internal MPC timing. 
TIMOUT = 53 The time out input signal is used to detect a time out condition signalled by the CSM. This signal is 
connected to the iPSB bus through a 74AS1804<A or equivalent buffer. 
LACHN-~ . 54 The latch signal is an input used during initialization of slot and arbitration IDs. When the RESET 


signal is active, this signal indicates when slot and arbitration IDs are available. This signal is 
connected to the iPSB bus through a 74AS1804A or equivalent buffer. Further details on 
initialization are available in the iPSB bus specification. 


~ RESET 58 The reset signal is an input used to put the MPC in a known state. Only the parts of the MPC 
involved with initialization of slot and arbitration IDs remain unaffected. This signal is buffered from 
the iPSB bus by a 74AS1804A or equivalent buffer connected to the RST" signal. 


BUSERR* 50 The bus error signal is a bidirectional, open-drain line with high current drive. It connects directly 
to the iPSB bus. As an input, it is used to detect bus errors signalled by other agents. As an output 
it is used to signal parity errors detected on either the AD* or SC” signal lines, handshake protocol 
violations, or for extending exception recovery of a replier. 


~RSTNC* = 49 The reset not complete signal is a bidirectional, open-drain line with high current drive. It connects 
directly to the iPSB bus. As an input, this signal inhibits the MPC from initiating iPSB bus 

- Operations. As an output it is used to prevent iPSB bus operation until an agent is finished with on- 
board initialization. This signal is activated by the RESET signal going active. It is deactivated by 
the interconnected microcontroller after the RESET signal is deactivated and initialization is 
complete. 


SEL* 26 The SEL* signal is activated . the MPC to indicate a dual-port access. This signal is used to 
initiate the dual-port operation and may be used to enable the dual-port data buffers onto the BAD* 
bus. When the MPC completes the iPSB bus handshake on the iPSB bus, or an exception is 
detected, this signal deactivates. 


COM" 31 The COM* signal is activated by the dual-port memory controller to indicate it is ready to complete 
the operation. This signal is assumed to be synchronous to the bus clock. The MPC activates 
replier ready on the iPSB bus on the next bus clock. This signal may not be aa until the 
EOT handshake is complete on the iPSB bus. 


ERR* 24 The ERR* signal is activated by the dual-port memory controller to signal a memory data parity error. 
It must be stable at all times when the COM* signal is active. The MPC responds to this signal by 
- completing the replier handshake on the iPSB bus using a “data error" agent error code. This signal 
may be asynchronous to the bus clock since it is qualified by the COM* signal. . 


DO-D31 See Table The data bus is a bidirectional group of signals used to transfer data between the host CPU and the 
ae MPC. Control is provided to allow operation of this bus with 8-, 16-, or 32-bit processors. 
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SIGNAL DESCRIPTIONS (cont) 


Signal Pin Signal 

Name Number Description 

A2, 2, 5, 3,4 The address inputs are used to identify MPC registers for message and interconnect space 

A3, operations. Note that AO and A1 are omitted to provide a consistent register address for all data bus 
Ad, width options. These signals are qualified by commands (e.g. RD* or WR*) inthe MPC and therefore 
AS may glitch outside the specified set-up and hold window. 

BEO*, 6, 8,9, 7 The byte enable input signals are used to identify the valid bytes and for data path control during 
BE1*. memory and !/O reference operations. Oniy combinations supported by the IPSB bus specification 
BE2*, are valid. These are summarized in the table below. Values not shown are illegal and may result in 
BE3* unpredictable results. These signals are qualified by commands (e.g. RD* or WR*) inthe MPC and 


therefore may glitch outside the specified set-up and hold window. 


Operation with 32-bit local buses requires all byte enable and data signals to be used. For 16-bit 
local buses, the BE3* and BE2* signals are held inactive and only D15-D0 are used. For all cases 
a read operation enables all 32 data signals, even if all byte enables are inactive. For 8-bit local bus 
operations BE3* is held active, BE2* is held inactive, BE1* is connected to AO", and BEO* is 
connected to AO. This mode uses only D7-DO. 


w 
a 
Co 
t 
> 
oO 
” 


BE3* 


55 
x|x<1x[x[ x] x] x] x<1x<1x/S1S [pa 
So 

<!Iy1<|<Il< a 


>> 
< 
=) 


mpm pcp acy cy cl ce acy cyte 


s 
7) 


L - Electrical LOW State (Active) For References Only 
H - Electrical HIGH State (Inactive) 

Vx - Valid Data Bytes 

X - Active Bytes With Undefined Data 


MEMSEL”* 11 The memory select input signal is used to identity a memory reference operation to the iPSB bus. It 
is qualified by commands (e.g., RD* or WR*) inthe MPC and therefore may glitch outside the 
specified set-up and hold window. 


IOSEL" 10 The I/O select input signal is used to identify an I/O reference operation to iPSB bus. It is qualified 
by commands (e.g., RD* or WR”) in the MPC and therefore may glitch outside the specified set-up 
and hold window. 


REGSEL* 12 The register select input signal is used to identify operations to internal MPC registers used to 
perform message and interconnect space operations. This signal is qualified by commands (e.g., 
RD* or WR*) in the MPC and therefore may glitch outside the specified set-up and hold window. 


LOCK" 23 The lock signal is an input to the MPC that allows back-to-back operations to be performed on the 
iPSB bus or to local interconnect space. When lock is asserted, any resource accessed by the 
operation (iPSB bus or local interconnect space) is locked until the LOCK’ signal is deactivated. 
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SIGNAL DESCRIPTIONS (Cont.) 


IADO-IAD7 See Table 


IREQ*  ~— 100 
IAST — 101 
IRD* 102 
IWR* 103 


Signal Pin ~ Signal 

Name Number _ Description 

RD* 18 The read input signal is activated to initiate a read operation. This signal must provide clean 
transitions. | 

WR* 17 The write input signal is activated to initiate a write operation. This signal must provide clean 
transitions. 

WAIT* 19 - The wait signal is driven by the MPC to hold up a transfer operation. This signal will be used by the 
MPC for all accesses that require synchronization to another resource. When used, it is activated 
by acommand going active and deactivated when the accessed resource is ready to complete the 

| requested operation. 
MINT 21 The message interrupt output signal is used for al message-related signalling to the host CPU. This 
. includes arrival of an unsolicited message, completion of a solicited transfer, error on message 
: transfer, etc. 

EINT 22 The error interrupt output signal is used to signal all errors related to memory, I/O or interconnect 
space operations. Internal registers in the MPC provide exact details of the error via interconnect 
space. (Even though this is a local bus sig nal it will be discussed with the interconnect bus signals 

| for simplicity in future sections.) 
_ ODREQ 16 The output channel DMA request signal is sonatas ae the MPCt to enable DMA transfer of data to 
aati _the MPC (e.g., output to the iPSB bus). 

IDREQ 15 - The input channel DMA request signal is generated by the MPC to enable DMA transfer of data from 

| the MPC (e.g., input from the iPSB bus). 

ODACK* 14 The output channel DMA acknowledge input signal is activated to perform a DMA data transfer to the 

| _ MPC. Itis qualified by commands (e.g., RD* or WR*) in the MPC and therefore may glitch outside 
the specified set up and hold window. 

IDACK* = 13 The input channel DMA acknowledge input signal is activated to perform a DMA data transfer from 


the MPC. It is qualified by commands (e.g., RD* or WR*) in the MPC and therefore may glitch outside 
_ the specified set-up and hold window. 


The interconnect address/data bus isa multiplexed bus seconed to directly interface to a 
~- microcontroller. In addition to the MPC, other interconnect registers can be connected to this bus. 


a 


The interconnect request signal is generated by the MPC when an interconnect operation has been 


requested either from the local bus or from the iPSB bus. This signal remains active until the 
microcontroller performs arbitration. 


The interconnect address strobe signal is an input to the MPC used to indicate that a valid address 
is on the interconnect bus. This signal may be directly connected to the ALE output of most 
microcontrollers. This signal must provide clean transitions. 


The interconnect bus read signal is an input to the MPC. This signal is used to perform a read 
operation to one of the MPC interconnect interface registers. This signal must provide clean 
transitions. When this signal is activated | in conjunction with the IWR* signal, all MPC outputs are — 
disabled. : 


The interconnect bus write signal is an input to the MPC. This signal is used to perform a write 
operation to one of the MPC interconnect interface registers. This signal must provide clean 
transitions. When this signal is activated in conjunction with the IRD" signal, all MPC outputs are 


: disabled. 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Operating Stresses above those listed under operational sections of this 

Temperature - 10°C to +80°C "Absolute Maximum Ratings” may cause specification is not implied and 

Storage Temperature - 65°C to +150°C permanent damage to the device. These exposure to absolute maximum rating 
are stress ratings only. Functional | conditions for extended periods may 

Supply Voltage to operation of this device at these or other affect device reliablity. 

Ground Potential -0.5Vto+7.0V Conditions above those indicated in the 

Applied Output 

Voltage - 0.3V to VCC +0.5 V 

Applied Input 

Voltage - 0.5V to VCC +0.5 V 


DC CHARACTERISTICS 1a = 0°C to + 70°C, VCC = 5 V+ 5% 


pa 
= = 


Test Conditions 


es 
| ent Cee I EM os VINE VOC 


Output LOW 
IOL Current é VOL = 0.45 V 
VOL =: 0.45 V 
IOH VOH = 2.4 V 
CAPACITANCE ta = + 25°C, FC = 1 MHz ( Note 1) 


Min 
Cl Input Capacitance Sp 
a 
ee 


ClO I/O Capacitance 
COC Output Capacitance 


Notes: 
1. Periodically sampled as opposed to 100% tested. 
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AC CHARACTERISTICS TA = 0°C to +70°C, VCC = 5 V+ 5% 


Symbol Parameter Test Conditions 
Address and BE* Set-Up To Command Active 
Select and DACK Set-Up To Command Active 


T2 Address, BEn*, Select*, and DACK* Hold 10 
From Command Active 


E 


T4 = Command Inactive To Read Data Disable 
(Note 6) 


T5 Read Data Hold From Commandlnactive 
T6 1 Read Data Enable From Command Active 


14 


> =) > fi 


NP 
aN 


11 Write Data Hold From WAIT* Inactive 3. ee ees 
T12 e ‘Command Active To LOCK* Active (Note 2) eae 100 | ons | 
113). : LOCK* Hold From WAIT" Inactive iNote aN i ee 
T14 al Command Active | 70 fos 
T15 | Read Data Valid From Command Active | ae ee ee CL = 150 pF 
T16 | a vas pete To | Registers | 38 | os 
os _ Comman nactive |DMA Cf ots 
ie. 6 a oe | 
Tig _|_ Command Active To MINT Or DREQ Inactive ee Oe CL =50 pF 
| (Note 4,5) : | | 
T1190 Command Active To DREQ* Inactive (Note 5) ae ee ae ae CL = 50 pF 
AC TEST CONDITIONS | AC TEST LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


0.4V 


INPUT WAVEFORM TEST POINTS 
(1.4 V LEVEL FOR BBCLK ONLY ) 


Notes: 

— 2, Required to SUaEaNSs locking of resource. 

3. Required to guarantee resource remains locked. 

4. MINT deassertion only if no other sources are pending. 

5. For DREQ inactive timing, T19 applies to a normal last transfer deassert eondiion ine T18 to an error deassert condition. 
6. Disable condition occurs when the output current becomes less than the input leakage specification. 
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TIMING DIAGRAMS 


FIGURE 1 LOCAL BUS REFERENCE ce 


BE3* - BEO* 
MEMSEL’, 

IOSEL*, 

REGSEL’, 

AS - Az 11 i T2—P} T3 
RD* OR WR* 


WAIT* 
T11 


(INPUTS TO 


MPC) T12 T13 


LOCK" 


FIGURE 2. LOCAL BUS REGISTER AND DMA OPERATIONS 


BE3* - BEO* 
REGSEL"*, 
AS - A2, 
IDACK*, ODACK* 

TI T2 T3 

T14 
RD* OR WR* 
T4 

p31 - Do < eS ne: 
(OUTPUTS OF MPC). | 

Te -2 
D31-DO 
(INPUTS TO rr: $ vane fil ate 4 
MPC) Tt 
MINT, | — 15 
IDREQ, ODREQ 7 

| T18 
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AC CHARACTERISTICS 1a = 0°C to +70°C, voc = 5 V 45% 


Symbol Parameter Test Conditions 


T31 IAST Active 


a ae 
Tso | ReadDatahotdFion Gonnandinaae | 0 | = | _s_ 
201 dared 0 FA BT 
| (Note 8) | 
T42 No From CommandActive 100 pons CL = 50 pF 


TIMING DIAGRAM 
FIGURE 3. INTERCONNECT BUS 


T31 


IAST 
T33A T32 


733 
IRD}ORIWRT - Tat 

T34 137 | 
nore, Toons oof 
MPC ) — ‘ 
———— a SC aa: 


FROM MPC ) 138 
EINT 
| T42 
IREQ* 
- T42 
Notes: 


7. EINT inactive only on write to error register. IREQ* inactive only on write to arbitration register. 
8. Disable condition occurs when the output current becomes less than the input leakage specification. 
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AC CHARACTERISTICS ta = 0°C to +70°C, VCC = 5 V +5% 


TBCH BBCLK HIGH Time ee a 
TR | secuknietine Ss | te 
TSK BCLK* To BBCLK Skew (Note 9 ) | -05 | 40 | ns | 
So 
ARBS5* - ARBO* (Note 10,11) } = | 36 | ns | CL = 500 pF 
i A 
ToD Clock To BSC9", BSC8" | | | 
Cupurdery | sopino, | HIGHToLow] = - | tg] ins_ | CL = 25 pF 
| BREQ',BUSERRRSTNC] 65 | - | ons _| 
ARB5* - ARBO* ( Note 11 ) st eae a 
BAD31* - BADO’, 
TH From Clock | BSce-Bsco | 40 | Sn 
| scoiro,scoint | 40 | ns 
papR | Otc 
| RerADRY | AO | ts 
se ts 
Notes: 


9. The clock timings are provided to reference the MPC specification to the iPSB bus specifications. These specifications 
assume a 74AS1804 or equivalent buffer. 

10. The 500 pF load is a distributed value as defined in the iPSB bus specification. The open drain signals are designed such that 
the output delay and bus loss meets the iPSB specification requirement. An appropriate test condition that correlates to the 
distributed load will be determined during characterization. | 

11. The ARB5* ARBO* signal timings are with respect to the first and last clock of the arbitration period. Details can be found in the 
iPSB bus specification. Also, the arbitration logic has been designed to meet the loop delay specification accounting for the 
full path of input to output plus bus loss. An appropriate test condition will be determined during device characterization. 
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AC CHARACTERISTICS 1a «0° to 470°C, vec = 5 V 45% 


Symbol | Parameter Test Conditions 


- BREQ*, BUSERR*, RSTNC* 
ARB5* - ARBO* (Note 9) 


_BAD31*-BADO*, > 
BPAR3* - BPARO* 


BSC9* - BSCO* | 4.0 
BREQ*, BUSERR*, RSTNC* 


ARBO* (Note 11) 


Turn On Delay 
_ From Clock 
(Note 12) 


TON 


ARB5* 


- BAD31* - BADO", 
BPAR3* - BPARO" 


BSC9* - BSCO* 
| BREQ*, BUSERR*, RSTNC* 2 
ARB5* - ARBO* (Note 11) 40 


BAD31* - BADO*, — 
BPAR3* - BPARO* 


24 
ze 

COM", ERR” 40 
_ BREQ*, BUSERR*, RSTNC* 


~ ARB5* - ARBO* (Note 11) 


BAD31* - BADO*, 
BPAR3*-BPARO* 


BSC9*-BSCO* — 
TIMOUT, LACHN, RESET} 


Turn Off Delay 
From Clock 
( Note 13 ) 


TOFF 


nN 
ice) 


ol o 


oO 


[ 


Input Set-Up 
To Clock > 


N 
aS 


. 


=) 


TSU 


Input Hold — 
From Clock 


TIH 


pe) 


3:7 3. ] 
o ee 


TIMING DIAGRAM sw : 
FIGURE 4. iPSB BUS . 4 ; 


asa 
2 


TCP 
. TCH TFB TRB 
| TCL | : 
BCLK* 
(ON iPSB 
BUS) oo. TSK , TBCH , TR OTE 
vo 2 Bit TBCL | 
- BBCLK a 
Te | —TOFF 
: : TON. . , | 
OUTPUTS OtherSource | (BK Rp VALID |} BK other Source 
: TCP . | TIH 
INPUTS | Y vaio [- “h 


TSU 


Notes: 


12. Minimum turn-on times are measured the same way as hold times. Specifically, the logic level driven by another device on the 
previous clock cycle must not be disturbed. | | 


13. Maximum turn-off times are measured to the condition where the output leakage current becomes less than the input leakage 
specification. _ | 
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SECTION 4 
PERIPHERALS 


Application Specific 
Logic Products Division 


VL16160 


"RASTER OP" GRAPHICS/BOOLEAN OPERATION ALU 


FEATURES 


¢ Provides hardware assist for bit- 
mapped graphics operations. Includes 
32-bit barrel shifter. 


« Performance increase over software 
implementations: 
- Monochrome = 4 X Software 
- Color = 4 X (Planes) X Software 


- Supports boin CRT dispiays and such 
hardcopy devices as laser printers. 


* Compatible with both monochrome and 
color displays. 


« Implements all 256 possible raster 
operations on source, destination, 
and pattern data. 


* 28- pin package; 5 V supply. 


PIN DIAGRAM 


VL16160 


1 
2 
3 
4 
5 
6 
7 
8 


O 
a) 
co 


ai. Sk. ei n-ok Let 
© MY -—- O&O 


GND 


DESCRIPTION 

The VL16160 Raster Op ALU (RALU) 
provides hardware-assisted 
performance enhancements for bit 
manipulation operations used in bit- 
mapped graphics displays. These 
operations, commonly called Bit Block 
Translation (BITBLT), allow bit-mapped 
images to be combined and manipylated 
by logical operators. These operators 
include AND, OR, and XOR, and can be 
used on source, destination, and 

pattern data. Additionally, support for 
masking with multiple mask registers for 
clipping is included. 

The BITBLT operation is general 
purpose enough to be used in a wide 
range of graphics operations, including 
text display using arbitrary fonts, 


BLOCK DIAGRAM 


15 


attributes, and enhancements. 
Successive applications of BITBLTs 
can perform such operations as scaling, 
filling, rotations, and texturing. 


In atypical application, the RALU 
operates on display data in 16-bit words 
that are latched into its input buffers by 
external hardware. Once source, 
destination, pattern, shift, and masking 
data are loaded into the RALU, the 
source data is bit-aligned with the 
destination data and the logical 
operation specified in the function 
register takes place. The results are 
stored in the ALU Output Register, 
which can be output onto the bus by a 
single strobe signal. 


0 


: ee el 


32-BIT BARREL SHIFTER 


15 0 
PATTERN 
a 15 0 
stb- DESTINATION 


MASK  OP=WIDTH 


ENABLE 
LOGIC oe 


ORDER INFORMATION 


Part 
Number 


Package 


8 0 
FUNCTION REG 
15 Q 


ALU OUTPUT REG ri 


VL16160PC Plastic DIP 
VL16160CC Ceramic DIP 
VL16160QC Plastic Leaded Chip Carrier (PLCC) 
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ADDR DECODE 


STATE MACHINE 


vu 61 60 


FIGURE 1. TYPICAL APPLICATION 


OR 


SIGNAL DESCRIPTIONS 


Signal 
Name 


DO-D15 


CPU 


ADDRESS BUS 


Pin 
Number 


6-15 


24 


14 
28 


| LD 
|__ AQ ie 


DATA BUS x 


SHIFT REG 


VL16160 
RALU 


RASTER 
OPERATION!!! 
abcdefghijklmn 


DISPLAY 
MEMORY 


tts 


SYSTEM MEM | 


6845 CRTC 


Signal 


Description 


Bidirectional data lines; input enabled by CS and WR. Input data to Destination Register 
must be stable relative to the trailing edge of LDstb. Output enabled by CS, RD, and A0-A3 
or AOstb. 

Chip Select ; Must be active to write to or read from internal registers. 


Read Enable; Input used to strobe any internal register data to the data bus pins. Must be 
active in conjunction with CS. 


Write Enable; Input used to strobe data on data bus pins into the selected register. Must 
be active in conjunction with CS. 


Register Address; Address inputs that specify the internal chip register to be accessed 


for a read or write operation. — 


ALU Output Strobe; Input used to enable the output of the function decoder onto the ae 
bus pins. Cannot be active when CS and RD or WR are active. , 


Load Destination Register Strobe; Input used to strobe the value (address) on the asta 
bus pins into the Destination Register. Value on AO-A3 need not be valid when LDstb is 
used to load the Destination Register. The LDstb pin also decrements the op counter each 
time it is pulsed. 

Load Source Register Strobe; Input used to strobe the value on the data bus into the 
Source Register specified by the Direction Bit. The other Source Register is loaded with 
the previous contents of the Source Register being loaded. 

Ground 
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FUNCTIONAL 


DESCRIPTION 

The VL16160 consists of four basic 
blocks: Source Shifter, Function 
Decoder, Op Counter, and the Register 
set. The internal data bus is 16 bits 
wide, enabling all internal registers to be 
accessed easily from the I/O bus for 
context saving and restoring. In 
operation, ihe Source Shifter extracts 
data from the Source Registers and 
shifts the data to be aligned with the 
data in the Destination and Pattern 
Registers. The Function Decoder then 
performs a 16-bit Boolean operation as 
specified by the Function Register with 
the data extracted from the Source 
Registers and the data in the 
Destination and Pattern Registers. The 
result of the Boolean operation is 
available on the external I/O bus when 
the AOstb signal is strobed and can . 
easily be written back into display 
memory. The Op counter and 
associated registers provide the 
support for clipping operations as 
required by the application. 


SOURCE SHIFTER 

The Source Shifter performs bit 
alignment on the concatenated 32 bits 
of data in the Source 1 and Source 2 
Registers. The amount of bit alignment 
performed is based upon the value in the 
Shift Value Register. Thus, when LSstb 
is strobed, the Source Shifter extracts 
16 contiguous bits from the 32 bits of 
data in the Source 1 and Source 2 
registers as follows: 


1. If the low order four bits of the Shift 
Value Register have a non-zero 
value, that value specifies the shift 
count by which the 16-bit field to be 
extracted is offset from bit O of the 
concatenated source registers, as 
shown in figure 2. The result is 
passed on to the Function Decoder. 


2. If the low-order four bits of the Shift 
Value Register is 0, the contents of 
either Source 1 or Source 2 are 
passed directly to the Function 
Decoder and no shifting occurs. The 
direction bit indicates which source 
register is used in the operation, as 
shown in figure 2. 


FUNCTION DECODER 
The Function Decoder performs a 


Boolean operation on the contents of 
the Destination Register, Pattern 
Register, and the output of Source 
Shifter. The Boolean operation is 
specified by the Function Register. With 
the three operands, 256 different 
Boolean operations are possible. The 
resutt of the operation is available on the 
I/O bus when the AOstb control signal is 
active. AOstb signal cannot be active at 
the same time that CS and RD or WR are 
active. The result of the Boolean 
operation is also available by reading 
the ALU Output Register. 


To understand how the Function 
Decoder performs the desired Boolean 
operation, note again that with three 
operands, (data in the Source, Pattern 
and Destination Registers), a total of 
256 different boolean operations is 
possible. Out of these 256 possible 
operations, the application defines 
which are needed to perform the desired 
task. 


For example (see figure 3), to "paint" a 
new image over an existing image 
requires the source data (image) to be 
ORed with the destination data (image). 
This means "Source Register or 
Destination Register". For each bit, 
there are four possible results of this 
operation between these two registers. 
However, since the Pattern Register is 
always included, even when it is a "don't 
care," atotal of eight different possible 
results of this one Boolean operation is 
possible. These eight combinations 
define the "function code" for the OR 
operation. Thus, the function code is 
really defined as the result (and the only 
result possible) of a Boolean 
combination of the Source, Destination, 
and Pattern Registers. In using the 
VL16160, the application defines which 
of the 256 possible Boolean 
combinations of the Source, Destination 
and Pattern Registers define those 
"functions" required of the application, 
and when that "function" is required, the 
corresponding function code is loaded 
into the Function Register. 


in principal, the Function Decoder 
operates on a bit-by-bit basis as a 1-of-8 
data selector with each data bit in the 
Source, Destination, and Pattern 


Registers selecting one of eight bits of 
data from the Function Register. 


The function codes required of an 
application are determined ahead of time 
by the user and stored in memory to be 
used as needed. The determination of 
the correct function code is a matter of 
simply applying the definitions stated 
above (see figure 3), ina simple method. 
The truth table for Pattern, Source, and 
Destination bits is written, with the 
desired output. This desired output is 
read as the desired value of the 
Function Register, with the least 
significant bit as shown in figure 3. 

Using this method, the software 
engineer can easily define a pattern to 
suit each specific need. 


OP COUNTER 

The Op Counter, in conjunction with the 
Width and Mask Registers, provides for 
masking of selected bits in the 
Destination Register. This masking 
prevents the VL16160 from modifying 
selected areas of display memory when 
performing BITBLTs. For example, 
clipping may be required at the edges of 
a window. The function of the Op 
Counter is to keep track of the beginning 
and end of each row, so that the mask 
registers can handle this clipping 
automatically, without additional 
processor intervention. 


The Op Counter must be correctly 
initialized prior to the beginning of a 
raster operation. The enabling of 
masking is internally clocked by the 
LDstb signal. For this reason, after 
loading the Op counter with an initial 
value, [Dstb must be pulsed before the 
LSstb of the first operation. Since this 
LDstb will decrement the Op Counter, it 
is necessary to increment the Op 
Counter to be one more than the 
intended value, so that this "dummy" 
LDstb starts out the BITBLT with the 
correct Op Counter value. This "dummy" 
LDstb does have to be repeated 
between scanlines, as the masking 
remains enabled. If context switching is 
utilized, however, reinitialization (with 
the loading of Op Counter and 
subsequent LDstb) is necessary before 
leaving a context, or upon re-entering 
one, in the middle of'a BITBLT. 
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REGISTER DESCRIPTION 


As shown in the block diagram, the 
RALU consists of a number of registers, 
each connected to the internal 16-bit 
data path. Of these registers, three are 
used very often and are directly 
accessible from the data bus by the 
assertion of strobe signals. 


SOURCE 

The Source Register holds a 16-bit word 
of data to be modified by a raster 

— operation. It is loaded from the data bus 
by the assertion of the LSstb signal. 


DESTINATION 

The Destination Register holds a word of 
data from the bit-mapped display that 
is modified by the source data and 
raster operation. It is loaded from the 
data bus by the assertion of the LDstb 
signal. 

ALU OUTPUT 

The ALU Output Register holds the 
result of the raster operation to be 
written back to memory. The contents 
may be put onto the data bus by the 
assertion of the AOstb signal. 


The remainder of the registers are 
typically set up for a series of 

operations and are not changed until the 
end of a scan line. — te a 


DIR / SHIFT 

This register controls the direction of the 
raster operation (left-to-right or right-to- 
left). In addition, it specifies the number 
of bits to shift to align the source with 
the destination fields. 


MASK 1 and 2 

These registers are used to define the 
left and right boundaries of the areaon 
the screen that is manipulated. (The 
direction bit affects which register 
corresponds to left vs. right). A bit set 
in these registers allows the 
corresponding bit in the Destination 
Register to pass through unaltered. 
When the Op Counter is equal to the 
Width Register (usually for the first 
raster operation on each scan line), the 
Mask 1 Register selects bits to be 
included in the operation. Masking is 
disabled until the Op Counter is zero 
(usually for the last operation on a scan 
line); at that time, the Mask 2 register is 
used. 


PATTERN 

This register contains data to be 
combined with the output of the bit- 
shifted source register. This is 
commonly used for enhancing an image 
with a background pattern. 


FUNCTION ) 
This register contains the operator 
that is used to combine the source, 
destination, and pattern data. 


OP COUNTER 

The Op Counter Register specifies the 
current count of the operation in 
progress. The Op Counter is 
decremented each time LDstb is brought 
active. After the Op counter goes to 
zero, the next LDstb causes the Op 


FIGURE 3. SHIFTING AND DIRECTION 
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SHIFT VALUE 
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DIRECTION / SHIFT VALUE REGISTER 


(DATA BUS) ———®} SOURCE 2 SOURCE 1 
(DATA BUS) yt SOURCE 1 SOURCE 2 


DIRECTION = 0 


DIRECTION = 1 


counter to be reloaded with the value of 
the Width register prior to the next 
operation. The Op counter can be set to 
the value of the Width Register at the 
start of a raster operation by beginning 
an operation with a "dummy" LDstb. This 
loads the Op counter in preparation for 
the first scan line. 


WIDTH 

The Width Register specifies the width 
of the line (in 16-bit words) on which 
raster operations will take place. 

FLAG REGISTER 

The Flag Register is uncommitted and 
can be used to temporarily store context 
information for multi-tasking 
implementations. 


REGISTER MAP 


0 Destination Register 
1 Source 1 Register 
2 Source 2 Register | | 
: 
: 
; 
! 
9 Operation Count 

Register 
10 ALU Output Register 
; 
: 
: 
: 
: 


VL16160 Wim 


FIGURE 3. RASTER OPERATIONS EXAMPLE 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage -0.5 Vto+7.0V Stresses above those listed under __ under these or any other conditions 


Input Voltage -0.5 Vto +7.0V "Absolute Maximum Ratings” may above those listed in this specification 
Output Voltage -0.5 Vto+7.0V cause permanent damage to the is not implied. Exposure to absolute 
Operating Temperature 0 °C to +70°C device. These are stress ratings only. maximum ratings conditions for 
Storage Temperature -65 °C to +150 °C Functional operation of this device extended periods may affect device 
Lead Temperature (10 s.): 300 °C | 3 reliability. 

Junction Temperature 175°C | . 


DC CHARACTERISTICS TA =0°C to +70°C, VCC=5V + 0.25 V 


ne oe 
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vi [eownntiwavawse |e | 
a 
vol___| Low-LevelOutputvotage | | 03 [oo 
Ct 


ee VEC=Min; |OL=4.4 mA 
IOH HIGH-Level Output Current 
IOL LOW-Level Output Current 4 


HL | Input Leakage Current oe Vil=0.45 V 


0.4V <Vo<Vcc 


ICC Power Supply Current at DC SS CE VCC = Max 


IvVO 1/0 Leakage Current 


CAPACITANCE Ta =0°C to +70°C 
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AC TIMING CHARACTERISTICS TA = 0°C to +70°C, VCC = 5 V+0.25 V 


Symbol Parameter 


tCSH GS, AO-A3 Hold After WR Active 


no 
oO 


5 | >) sls | 
— 
NO 


Go 
io) 


Loa) © 


tRWW_ | WR,RD Signal Width 


tCSS CS. A0-A3 Setup to WR Inactive 


=} 
i») 


CSV Data Valid After CS Active 120 
tRDV Data Valid After RD Active 
tRDH Data Valid After RD, CS Inactive 
tWRS Data Setup to WR Inactive 
tWRH Data Hold After WR Inactive 
tLSW LSstb Pulse Width 


tNLS Time Between LSstb Pulses 


tSDV LSstb Inactive to Valid Data 12 


oO 


LSF LSstb Inactive to AOstb Active 


GS 
Oo 


tLDV LSstb Active to Valid Data 7 
tLDW LDstb Pulse Width 


tNLD Time Between LDstb Pulses 5 


© 


tLDF LDstb Inactive to AOstb Active 


tLSS Data Setup to LSstb Inactive 


N 
oO 


tLSH Data Hold after LSstb Inactive 


—_,. 


tLDS Data Setup to LDstb Inactive 
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tLDH Data Hold After LDstb Inactive 


tFOV Data Valid After AOstb Active 120 


N 
O1 


tDDV Data Valid After Valid LDstb Data 
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tFDV Bus High-Ilmpedence After AOstb Inactive 
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FIGURE 4. REGISTER READ/WRITE TIMING 
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FIGURE 5. SOURCE REGISTER AND ALU OUTPUT CONTROL SIGNAL TIMING 
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VL1772-02 


51/4 - INCH FLOPPY DISK CONTROLLER/FORMATTER 


FEATURES 

¢ Built-in data separator 

¢ Built-in write precompensation 

¢ § 1/4-inch single and double density 
¢ Motor control 

* 128, 256,512, or 1024 sector lengths 
« TTL compatible 

: §-bit didirectionai daia bus 

« Fast step rates 

* 28-pin DIP 

¢ Single 5 V power supply 


DESCRIPTION 

The VL1772-02 is a MOS/LSI device 
that performs the functions of a5 1/4- 
inch Floppy Disk Controller/Formatter. It 
replaces the older 1770-type device. 


The drive side of the interface needs no 
additional logic except for 
buffers/receivers. Designed for 5 1/4- 
inch single-or double-density operation, 
the device contains a programmable 
Motor On signal. 


The VL1772-02 is implemented in NUOS 
silicon gate technology and is available 
in a 28-pin dual-in-line package. It is a 
low-cost version of the WD179X Floppy 
Disk Controller/Formatter and is 
compatible with generic 179X types. It 
also has a built-in digital data separator 
and write precompensation circuits. A 
single read line (RD, pin 19) is the only 
input required to recover serial FM or 
MFM data from the disk drive. The 
device has been specifically designed 
for control of 5 1/4-inch floppy disk 


drives with data rates of 125K bits/s 
(single density) and 250K bits/s (double 
density). In addition, it can write a 
precompensation that is125 ns from 
nominal, and can be enabled at any 
point through simple software 
commands. Another programmable 
feature, Motor On, has been 
incorporated to automatically enable 
the spindle motor prior to operating a 
selected drive. The VL1772-02 offers 
stepping rates of 2, 3, 6, and 12 ms. 


The processor interface consists of an 
8-bit bidirectional bus for transfer of 
status, data, and commands. All host 
communication with the drive occurs 
through these data lines. They are 
capable of driving one standard TTL load 
or three LS loads. 


PIN DIAGRAM 


VL1772-02 


BLOCK DIAGRAM 


(DAL) 


DATA OUT 
BUFFERS 


ee 
DATA COMMAND SECTOR TRACK 
REGISTER REGISTER REGISTER a REGISTER ian 
a —— 
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AM DETECTOR 


STATUS 
REGISTER 


INTERNAL 
BUS 


DRQ WG 
INTRQ We = 

MR P 

cs COMPUTER PLA DISK TRO 

5 INTERFACE CONTROL CONTROL CONTROL INTERFACE 

AG CONTROL (240 X 19) CONTROL STEP 

Al DIRC 

CLK(8-MH MO 

BDEN 


ORDER INFORMATION | 


Package 
Plastic DIP 


Plastic Leaded Chip Carrier 
Ceramic DIP 


VL1772-02PC 
VL1772-02QC 
VL1772-02CC 


Note: 
Operating temperature range: 0°C to +70°C. 
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SIGNAL 

DESCRIPTIONS 

Signal | Pin Signal 

Name | Number Description 

cs 1 ~ Chip Select - A logic low on this input selects the chip and enables host communication 

7 with the device. | 

RW 2 Read/Write - A logic high on this input controls the placement of data on the D0-D7 lines 
from a selected register, while a logic low causes a write operation to a selected register. 

AO, A 3,4 Address 0, 1 - These two inputs select a register to read or write data: 
= M0 
o | o | 0 | _ StatusRegister_ | Command Register 
o | oO | 1 |  TrackRegister | Track Register 
oO | 1 #4,| 0 | Sector Register _| Sector Register 
0 Data Register 

DALO - DAL7 5-12 Data Access Lines 0 through 7 - Eight-bit bidirectional bus used for transfer of data, 
control, or status. This bus is enabled by CS and R/W. Each line drives one TTL load. 

MR 13 Master Reset - A logic low pulse on this line resets the device and initializes the status 

; register (internal pull-up). 

GND 14 Ground - Ground 

VCC | 15 Power Supply - +5 V +5% power supply input. 

STEP 16 Step - The Step output contains a pulse for each step of the drive's R/W head. This is a 

| pulse to the disk drive. 

DIRC 17 Direction - The Direction output is high when stepping in towards the center of the 
diskette, and low when stepping out. 

CLK 18. Clock - This input requires a free-running 50% duty cycle clock (for internal timing) at 8 

; MHz +1%. 

RD 19 Read Data - This active-low input is the raw data line containing both clock and data 
pulses from the drive. 

MO 20 | Motor On - Active high output used to enable the spindle motor prior to read, write, or 
stepping operations. 

WG 21 Write Gate - This output is made valid prior to writing on the diskette. 

WD 22 Write Data - FM or MFM clock and data pulses are placed on this line to be written on the 
diskette. ) 

TROO 23 Track 00 - This active-low input informs the VL1772-02 that the drive's R/W heads are 
positioned over Track zero (internal pull-up). | 

IP 24 Index Pulse - This active-low input informs the VL1772-02 when the physical index hole 
has been encountered on the diskette (internal pull-up). | 

WPRT 25 Write Protect - This input is sampled whenever a Write Command is received. A logic low 

| on this line prevents any Write Command from executing (internal pull-up). 

DDEN 26 Double Density Enable - This input pin selects either single (FM) or double (MFM) density. 
When DDEN = 0, double density is selected (internal pull-up). 

DRQ , 27 _ Data Request - This active-high output indicates that the Data Register is full (on a Read) 

or empty (on a Write) operation. 

INTRQ 28 interrupt Request - This active-high output is set at the completion of any command or a 


read of the Status Register. 
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ARCHITECTURE 
TheVL1772-02 Floppy Disk 
Controller/Formatter block diagram is 
illustrated on the front page. The 
primary sections include the parallel 
processor interface and the floppy disk 
interface. 


Data Shift Register - This 8-bit register 
assembles serial data from the Read 
Data input (RD) during read operations 
and transiers seriai data to the Write 
Data output during write operations. 
Data Register - This 8-bit register is 
used as a holding register during disk 
read and write operations. In disk read 
operations, the assembled data byte is 
transferred in parallel to the Data 
Register from the Data Shift Register. In 
disk write operations, information is 
transferred in parallel from the Data 
Register to the Data Shift Register. 


When executing the Seek command, the 
Data Register holds the address of the 
desired track position. This register is 
loaded from the Data Access Lines 
(DAL) and gated onto the DAL under 
processor control. 


Track Register - This 8-bit register holds 
the track number of the current 
read/write head position. Itis 
incremented by one every time the head 
is stepped in and decremented by one 
every time the head is stepped out 
(towards Track 00). The contents of the 
register are compared with the recorded 


track number in the ID field during disk 
read, write, and verify operations. The 
Track Register can be loaded from or 
transferred to the DAL. This register 
should not be loaded when the device is 
busy. 


Sector Register (SR) - This 8-bit register 
holds the address of the desired sector 
position. The contents of the register 
are compared wiih the recorded sector 
number in the ID field during disk read or 
write operations. The Sector Register 
contents can be loaded from or 
transferred to the DAL. This register 
should not be loaded when the device is 
busy. 


Command Register (CR) - This 8-bit 
register holds the command presently 
being executed. This register should 
not be loaded when the device is busy, 
unless the new command is a forced 
interrupt. The Command Register can 
be loaded from the DAL but not read 
onto the DAL. 


Status Register (STR) - This 8-bit 
register holds device status information. 
The meaning of the status bits is a 
function of the type of command 
previously executed. This register can 
be read onto the DAL but not loaded 
from the DAL. 


CRC Logic - This logic is used to check 
or to generate the 16-bit cyclic 
redundancy check (CRC). The 


polynomial is: 
G(x) = x164 x12 4 x5+ 1 


The CRC includes all information starting 
with the address mark and up to the CRC 
characters. The CRC register is preset 
to ones prior to data being shifted 
through the circuit. 

Arithmetic/Logic Unit (ALU) - The ALU is 
a serial comparator, incrementer, and 
decrementer and is used for register 
modification and comparisons with the 
disk-recorded ID field. 


Timing and Control - All computer and 
floppy disk interface controls are 
generated through this logic. The 
internal device timing is generated from 
an external crystal clock. The VL1772- 
02 has two different modes of operation 
according to the state of DDEN: When 
DDEN = 0, double density (MFM) is 
enabled. When DDEN = 1, single 
density isenabled. 


Address Mark Detector - The AM 
detector detects ID, data, and index 
address marks during read and write 
operations. 


Data Separator - A digital data 
separator, consisting of a ring shift 
register and data window detection 
logic, provides read data and a recovery 
clock to the AM detector. 


FIGURE 1. SYSTEM BLOCK DIAGRAM 


HOST 
INTERFACE 
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FUNCTIONAL 


DESCRIPTION 

PROCESSOR INTERFACE 

The interface to the processor is 
accomplished through the eight data 
access lines (DALs) and associated 
control signals. The DALs are used to 
transfer data, status, and control words 
out of, orinto the VL1772-02. The DALs 
are three-state buffers that are enabled_ 
as output drivers when Chip Select (CS) 
= 0 and RW = 1 are active, or act as 
input receivers when CS and R/W =O are 
active. 


When transfer of data with the Floppy 
Disk Controller is required by the host 
processor, the device address is 
decoded and CS is made low. The 
address bits Ai and AO, combined with 
the signal R/W during a read or write 
operation, are interpreted as selecting 
the following registers: 


sector is reached. 


On disk write operations, the Data 
Request is activated when the Data 
Register transfers its contents to the 
Data Shift Register, and requires a new 
data byte. It is reset when the Data 
Register is loaded with new data by the 
processor, If new data is not loaded at 
the time the next serial byte is required 
by the floppy disk, a byte of zeros is 
written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an 
INTRQ is generated; it is reset by either 
reading the status register or by loading 
the command register with a new 
command. In addition, INTRQ is 
generated if a Force Interrupt command 
condition is met. 


Ai - A0| READ (R/W = 1) 
0 0} Status Register 

0 1| Track Register 
1 0{| Sector Register 
1 1| Data Register 


After any register is written to, the same 
register cannot be read from until 16s 
in MFM or 32 us in FM have elapsed. 


During direct memory access (DMA) 
types of data transfers between the 
Data Register of the VL1772-02 and the 
processor, the Data Request (DRQ) 
output is used in data transfer control. 
This signal also appears as status bit 1 
during read and write operations. 


On disk read operations, the Data 
Request is activated (set high) when an 
assembled serial input byte is 
transferred in parallel to the Data 
Register. This bit is cleared when the 
Data Register is read by the processor. 
lf the Data Register is read after one or 
more characters are lost, by having new 
data transferred into the register prior to 
processor readout, the Lost Data bit is 
set in the Status Register. The read 
operation continues until the end of 


WRITE (R/W = 0) 
| Command Register 
Track Register 
Sector Register 
| Data Register 


The VL1772-02 has two modes of 
operation, according to the state of 
DDEN . When DDEN = 1, single density 
is selected. In either case, the CLK 
input is at 8 MHz. 


GENERAL DISK READ 
OPERATIONS 
Sector lengths of 128, 256, 512, or 1024 
bytes are obtainable in either FM or MFM 
formats. For FM, DDEN should be 
laced to logical "1". For MFM formats, 
should be placed to a logical "0". 


Sector lengths are determined at format 
time by the fourth byte in the "ID" field. 


SECTOR LENGTH TABLE 
SECTOR LENGTH 


FIELD (HEX) IN SECTOR (DECIMAL) 
00 128 
01 | 256 
02 612 
03 1024 
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NUMBER OF BYTES 


There are from 0 to 244 sectors per 
track for the VL1772-02, and from 0 to 
244 tracks. 


GENERAL DISK WRITE 
OPERATION 

When writing is to take place on the disk 
the Write Gate (WG) output is 

activated, allowing current to flow into 
the read/write head. As a precaution to 
erroneous writing, the first data byte 
must be loaded into the Data Register in 
response to a Data Request from the 
device before the Write Gate signal can 
be activated. 


Writing is inhibited when the Write 
Protect input is a logic low, in which 
case any Write command is immediately 
terminated, an interrupt is generated, 
and the Write Protect status bit is set. 


For write operations, the VL1772-02 
provides Write Gate to enable a write 
condition, and Write Data which 
consists of a series of active-high 
pulses. These pulses contain both 
clock and data information in FM and 
MFM. Write Data provides the unique 
missing clock patterns for recording 
address marks. 


The Precompensation Enable bit in Write 
commands allow automatic write 
precompensation to take place. The 
outgoing write data stream is delayed or 
advanced from nominal by 187ns 
according to the following table: 


PATTERN 


—— Next Bit to be sent 
Current Bit sending 
Previous Bits sent 


Precompensation is typically enabled on 
the innermost tracks where bit shifts 
usually occur and bit density is at its 
maximum. 
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COMMANDS 


The VL1 772-02 accepts eleven 
commands. Command words should 
only be loaded in the Command Register 
when the Busy Status Bit is off (Status 
Bit 0). The one exception is the Force 
Interrupt command. Whenevera 
command is being executed, the Busy 
Status Bit is set. When a command is 
completed, an interrupt is generated and 
iné Busy status bit is reset. The Status 
Register indicates whether the 
completed command encountered an 
error or was fault-free. For ease of 
discussion, commands are divided into 
four types and are summarized in 

Table 1. 


The Type | Commands (see Figure 2) 
include the Restore, Seek, Step, Step- 
in, and Step-out commands. Each of 
the Type | Commands contains a rate 
field (rO, r1), which determines the 
stepping motor rate. 

A 41s (MFM) or 8 ps (FM) pulse is 
provided as an output to the drive. For 
every step pulse issued, the drive 


moves one track location in a direction 
determined by the direction output. The 
chip will step the drive in the same 
direction it last stepped unless the 
command changes the direction. 


The Direction signal is active-high when 
stepping in and low when stepping out. 
The Direction signal is valid 24 ps before 
the first stepping pulse is generated. 


After ine iast directionai step, an 
additional 30 ms of head settling time 
takes place if the Verify flag is set in 
Type | commands. There is also a 30 ms 
head settling time if the E flag is set in 
any Type Il or [ll command. 

When a Seek, Step, or Restore 
command is executed, an optional 
verification of read/write head position 
can be performed by setting bit 2 (V = 1) 
in the command word to logic 1. The 
verification operation begins at the end 
of the 30 ms settling time after the head 
is loaded against the media. The track 
number from the first encountered ID 
Field is compared against the contents 
of the Track Register. If the track 


numbers compare and the ID Field cyclic 
redundancy check (CRC) is correct, the 
verify operation is complete and an 
INTRQ is generated with no errors. If 
there is a match but not a valid CRC, the 
CRC Error Status Bit is set (Status Bit 
3), and the next encountered ID field is 
read from the disk for the verification 
operation. | 
The VLi772-02 must find an iD fieid with 
correct track number and correct CRC 
within five revolutions of the media, 
otherwise, the seek error is set and an 
INTRQ is generated. If V=0, no 
verification is performed. 


All commands, except the Force 
Interrupt command, may be programmed 
via the h Flag to delay for spindle motor 
start up time. If the h Flag is not set and 
the Motor Onlineislowwhena 
command is received, the VL1772-02 
will force Motor On to a logic 1 and waits 
six revolutions before executing the 
command. At 300 RPM, this guarantees 
a one-second spindle start-up time. If, 
after finishing the command, the device 


TABLE 1. COMMAND SUMMARY 


BITS 


TYPE COMMAND 7 6 5 4 3 2 1 
| Restore 000 0h V ry 
| Seek 000i1i1h Vr 
| Step 001 u4 HA Vy 
| Step-in 0 10uh Vy 
| Step-out 0 1%1éu5ihAV oe 
ll Read Sector 100m hE QO 
ll Write Sector 1 0 1m h E P 
lll Read 

Address 110 0h E O 

li! Read Track 11171 0h E O 
lll Write Track 11%17##%14 ~h E P 

IV Force 

Interrupt 1 $101 i%6hib Ok 
FLAG SUMMARY 

TYPE | COMMANDS 

h = Motor On Flag (Bit 3) 

h = 0, Enable Spin-up Sequence 

h = 1, Disable Spin-up Sequence 

V = Verify Flag (Bit 2) 

V = 0, No Verify 

V = 1, Verify on Destination Track 

rj, 9 = Stepping Rate (Bits 1,0) 
ry rp 1772-02 
0 0 6 ms 
0 1 12 ms 
1 0 2ms 
1 1 3 ms 

u = Update Flag (Bit 4) 

u = 0, No Update 

u = 1, Update Track Register 


0, No Delay 
1, 


0 TYPE il & lll COMMANDS 

ra m = Multiple Sector Flag (Bit 4) 

2 m = 0, Single Sector 

fo m = 1, Multiple Sector 

lo H = Motor On Flag (Bit 3) 

0 H = 0, Enable Spin Up Sequence 
ag H = 1, Disable Spin Up Sequence 
0 @ — Data Address Mark (Bit 0) 

0 = Write Normal Data Mark 

0 = 1, Write Deleted Data Mark 


Add 15ms Delay 


= Write Precompensation (Bit 1) 


ap 
ag 
E = 15ms Settling Delay (Bit 2) 
E 
E 
Pp 
Pp 


0,Enable Write Precomp 
1 


P Disable Write Precom 


TYPE lV COMMANDS 


I5-lp Interrupt Condition (Bits 3-0) 


= 1, Not Used 
= 1, Not Used 


os 7S 
Hou owt 


= 1, Interrupt on Index Pulse 
1, Immediate Interrupt 


Is-lo = 0, Terminate without interrupt 
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remains idle for ten revolutions, the 
Motor On line goes back to a logic 0. 


Ifa 


command is issued while Motor On is 


high, the command executes 
immediately, defeat-ing the six- 


revolution start up. This feature allows 


consecutive read or write commands 
without waiting for each motor start-u 
the VL1772-02 assumes the spindle 
motor is up to speed. 


P; 


RESTORE (SEEK TRACK 0) 

Upon receipt of this command, the Track 
00 (TROO) input is sampled. If TROO is 
active-low indicating the read/write head 
is positioned over Track 00, the Track 
Register is loaded with zeros and an 
interrupt is generated. If TROO is not 
active-low, stepping pulses (pin 16) ata 
rate specified by the r1, r0 field are 
issued until the TROO input is activated. 


At this time, the Track Register is loaded 
with zeros and an interrupt is generated. 
If the TROO input does not go active-low 
after 255 stepping pulses, the VL1772- 
02 terminates operation, interrupts, and 
sets the Seek Error Status Bit, providing 
the V flag is set. A verification operation 
also takes place if the V flag is set. 

The h bit allows the Motor On option at 
the start of command. , 


FIGURE 2. TYPE | COMMAND FLOWCHART 


ENTER 


NO 


YES 
SET BUSY, RESET CRC, 
| SEEK ERROR, DRQ, INTRQ 
YES 
| = SETMO 
WAIT 6 INDEX PULSES 


NO RESTORE 


FF TOTR 
-OTODR 


SET 


{ DIRECTION 


ESET 


| 


DIRECTION 


YES 


DRTO DSR. 
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FIGURE 2. TYPE 1 COMMAND FLOWCHART (Cont.) FIGURE 3. TYPE Ii COMMAND FLOWCHART 


ENTER 


7 18 
TYPE I! 
COMMAND 
RECEIVED 


NO 


VERIFY 
SEQUENCE 


YES 


SET BUSY, RESET DRQ, LOST 
DATA, RECORD NOT FOUND, & 
STATUS BITS5 & 6 INTRQ 


(intra ReseT BUSY) RESET BUSY 


HAVE 
6 INDEX 
HOLES 
PASSED 


YES 


INTRQ, RESET BUSY 
SET SEEK ERROR 


SET MO 
WAIT 
6 INDEX PULSES 


HAS 
ID AM BEEN 
DETECTED 


NO 


HAS 
30 MS 
EXPIRED 


THERE A 
CRC ERROR 


IS 
WRITE 

PROTECT 
ON 


INTRQ Command : 


RESET BUSY 


YES 


WRITE 


NO 


INTRQ, RESET BUSY © 
SET WRITE PROTECT | 


=| 
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SEEK 
This command assumes that the Track 
Register contains the track number of 
_ the current position of the read/write 
head and the Data Register contains the 
desired track number. The VL1772-02 
will update the Track Register and issue 
stepping pulses in the appropriate 
direction until the contents of the Track 
Register are equal to the contents of the 
Data Register (the desired track 
location). A verification operation takes 
place if the V flag is on. The h bit allows 
the Motor On option at the start of the 
command. An interrupt is generated at 
the completion of the command. ( Note: 
When using multiple drives, the track 
register must be updated for the drive 
selected before seeks are issued.) 


STEP 

Upon receipt of this command, the 
VL1772-02 issues one stepping pulse to 
the disk drive. The stepping motor 
direction is the same as in the previous 
step command. After a delay 
determined by the r1, r0 field, a 
verification takes place if the V flag is 
on. If the U flag is on, the Track 
Register is updated. The h bit allows the 
Motor On option at the start of the 
command. An interrupt is generated at 
the completion of the command. 


STEP-IN 

Upon receipt of this command, the 
VL1772-02 issues one stepping pulse in 
the direction towards track 76. If the U 
flag is on, the Track Register is 
incremented by one. After a delay is 
determined by the r1, r0 field, a 
verification takes place if the V flag is 
on. The h bit allows the Motor On option 
at the start of the command. An 


interrupt is generated at the completion - 


of the command. 


STEP-OUT 
_Upon receipt of this command, the 


VL1772-02 issues one stepping pulse in | 


the direction towards track 0. If the U 
flag is on, the Track Register is 
decremented by one. After a delay 
determined by the r1, r0 field, a 
verification takes place if the V flag is 
on. The h bit allows the Motor On option 
at the start of the command. An 
interrupt is generated at the completion 
of the command. 


TYPE Il COMMANDS 

The Type Il Commands (see Figure 3) © 
are the Read Sector and Write Sector 
commands. Prior to loading the Type II 
Command into the Command Register, 
the computer must load the Sector 
Register with the desired sector number. 
Upon receipt of the Type Il command, 
the busy status bit is set. If the E flag = 
1, the command executes after a 15 
ms delay. 


When an ID field is located on the disk, 
the VL1772-02 compares the track 
number on the ID field with the Track 
Register. If there is not a match, the 
next encountered ID field is read and a 
comparison is again made. If there was 
a match, the sector number of the ID 
field is compared with the Sector 
Register. If there is not asector match, 
the next encountered ID field is read off 
the disk and comparisons again made. 
If the ID field CRC is correct, the data 
field is then located and is either written 
into or read from depending upon the 
command. The VL1772-02 must find an 
ID field with a track number, sector 
number, and CRC within four revolutions 
of the disk; otherwise, the Record Not 
Found Status Bit is set (Status Bit 4) 
and the command is terminated with an 
interrupt (INTRQ). 


Each of the Type Il Commands contains 
an m flag that determines if multiple 
records (sectors) are to be read or 
written, depending upon the command. 
If m = 0, a single sector is read or written 
and an interrupt is generated at the 
completion of the command. If m= 1, 
multiple records are read or written with 
the sector register internally updated so 
that an address verification can occur 
on the next record. The VL1772-02 
continues to read or write multiple 
records and update the sector register 
in numerical ascending sequence until 
the sector register exceeds the number 
of sectors on the track or until the Force 
Interrupt command is loaded into the 
Command Register, which terminates 
the command and generates an 
interrupt. 


For example: if the VL1772-02 is 
instructed to read sector 27 and there 
are only 26 sectors on the track, the 
sector register exceeds the number 
available. The VL1772-02 will search for 
five disk revolutions, interrupt out, reset 
busy, and set the Record Not Found 
Status Bit. 


READ SECTOR ~ 

Upon receipt of the Read Sector 
command, the Busy status bit is set, 
and when an ID field is encountered that 
has the correct track number, correct 
sector number, and correct CRC, the 
data field is presented to the computer. 
The data address mark (DAM) of the 
data field must be found within 30 bytes 
in single density and 43 bytes in double 
density of the last ID field CRC byte; if 
not, the ID field is searched for and 
verified again followed by the data 
address mark search. If, after five 
revolutions the DAM cannot be found, 
the Record Not Found StatusBit is set 
and the operation is terminated. When 
the first character or byte of the data 
field has been shifted through the DSR, 
it is transferred to the DR, and DRQ is 
generated. If the computer has not read 
the previous contents of the DR before a 
new character is transferred, that 
character is lost and the Lost Data 
Status bit is set. This sequence 
continues until the complete data field 
has been input to the computer. If there 
is a CRC error at the end of the data 
field, the CRC Error Status Bit is set, 
and the command is terminated (even if 
it is a multiple record command). 

At the end of the read operation, the 
type of data address mark encountered 
in the data field is recorded in the Status 
Register (Bit 5) as shown: 


STATUS BIT 5 


1 Deleted Data Mark 
0 Data Mark 


WRITE SECTOR 

Upon receipt of the Write Sector 
command, the Busy status bit is set. — 
When an ID field is encountered that has 
the correct track number, correct sector 
number, and correct CRC, a DRQ is 
generated. The VL1772-02 counts off 
11 bytes in single density and 22 bytes 
in double density from the CRC field and 
the Write Gate (WG) output is made 
active if the DRQ is serviced (i.e., the 
DR has been loaded by the computer). 
lf DRQ has not been serviced, the 
command is terminated and the Lost 
Data status bit is set. If the DRQ has 
been serviced, the WG is made active 
and six bytes of zeros in single density 
and 12 bytes in double density are then 
written on the disk. At this time, the 
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FIGURE 3. TYPE Il COMMAND FLOWCHART (Cont.) 


HAVE 
5 INDEX HOLES 
PASSED 


YES 
; INTRQ, RESET BUSY 
SET RECORD-NOT FOUND 


BRING IN SECTOR LENGTH FIELD 
STORE LENGTH IN INTERNAL 
REGISTER 


IS 


SET CRC THERE A NO RESET 
STATUS ERROR CRC ERROR CRC 
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YES 
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FIGURE 3. TYPE It COMMAND FLOWCHART (Cont.) 


READ SECTOR 
SEQUENCE 


HAS 
DATA AM 
OCCURRED 
IN TIME 


NO 


YES 
PUT RECORD TYPE IN 
STATUS REG BIT 5 
YES 


ALL BYTES 
BEEN INPUTTED 


YES ) 
| NO 
YES CRC \ NO | 
ERROR } 
YES 


+1TO 
SECTOR REG 
INTRQ, RESET BUSY 
SET CRC ERROR . 
7 oO INTRQ RESET BUSY | 
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FIGURE 3. TYPE Il COMMAND FLOWCHART (Cont.) 


ay WRITE 
SEQUENCE 


SET DRQ 
DELAY 9 BYTES OF GAP 
HAS | 
DR BEEN NO 
INTRQ, RESET BUSY 
LOADED BY COMPUTER 
(DRQ = 0) SET LOST DATA 
YES 
DELAY 1 BYTE.OF GAP => 
{ Yes 
TURN ON WG & WRITE ) 
6 BYTES OF ZEROES DELAY 11 BYTES 
WATE DATA TURN ON WG & WRITE 


ACCORDING TO Apo FIELD 
OF WRITE COMMAND 12 BYTES OF ZEROES 


DR TO DSR, SET DRQ 
WRITE BYTE TO DISK 


NO SET DATA LOST 


WRITE BYTE 
OF ZEROES 


HAVE 
ALL BYTES 
BEEN WRITTEN 


YES 
WRITE CRC 


WRITE 1 BYTE OF FF 


TURN OFF WG. 
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data address mark is then written on the 
disk as determined by the a0 field of the 
command as shown below: 


@ DATA ADDRESS MARK (BIT 0) 
1 Deleted Data Mark 
0 Data Mark 


The VL1772-02 then writes the data field 
and generates DRQs to the computer. If 
the DRQ is not serviced in time for 
continuous writing, the Lost Data Status 
Bit is set and a byte of zeros is written 

on the disk. The command is not 
terminated. After the last data byte has 
been written on the disk, the two-byte 
CRC is computed internally and 

written on the disk followed by one byte 
of logic ones in FM or in FMF. The WG 
output is then deactivated. INTRQ will 
set 24 us (MFM) after the last CRC byte 
is written. For partial sector writing, the 
proper method is to write data and fill the 
balance with zeros. 


TYPE Ill COMMANDS 

Read Address - Upon receipt of the 
Read Address command, the Busy 
Status Bit is set. The next-encountered 
ID field is then read in from the disk, and 
six data bytes of the ID field are 
assembled and transferred to the DR, 
and a DRQ is generated for each byte. 
The six bytes of the ID field are shown 
below: 


comparison can be made by the user. 
At the end of the operation an interrupt 
is generated and the Busy status is 
reset. 


Read Track - Upon receipt of the READ 
track command, the head is loaded and 
the Busy status bit is set. Reading 
starts with the leading edge of the first 
encountered index pulse and continues 
until the next index pulse. All gap, 
header, and data bytes are assembled 
and transferred to the Data Register and 
DRQs are generated for each byte. The 
accumulation of bytes is synchronized 
to each address mark encountered. An 
interrupt is generated at the completion 
of the command. 


This command has several 
characteristics that make it suitable for 
diagnostic purposes. They are: no CRC 
checking is performed; gap information 
is included in the data stream; and the 
address mark detector is on for the 
duration of the command. Because the 
AM detector is always on, write splices 
or noise may cause the chip to look for 


an AM. 


The ID AM, ID Field, ID CRC Bytes, 


_ DAM, Data and Data CRC Bytes for each 


sector will be correct. The Gap Bytes 
may be read incorrectly during write- 
splice time because of synchronization. 


TRACK | SIDE |SECTOR|SECTOR CRC 
ADDR |NUMBER| ADDR |LENGTH 2 
ce Or ee a ee ee 


Although the CRC characters are 
transferred to the computer, the VL1772- 
02 checks for validity and the CRC Error 
Status Bit is set if there is a CRC error. 
The track address of the ID field is 
written into the Sector Register so that a 


WRITE TRACK FORMATTING 

THE DISK 

Data and gap information are provided at 
the computer interface. Formatting the 


TABLE 2. DATA PATTERN DECODE 


DATA PATTERN 
IN DR (HEX) 


00 thru F4 


F5 Not Allowed 
F6 | Not Allowed 
F7 Generate 2 CRC bytes 
F9 thru FB Write F8 thru FB, CLK = C7, Preset 
CRC 
FC Write FC with CLK = D7 
FD Write FD with CLK = FF 


Write 00 thru F4 with CLK = FF 


Write FE, CLK = C7, Preset CRC 
Write FF with CLK = FF 


IN MFM (DDEN = 0) 


Write C2** in MFM 
Generate 2 CRC bytes 


Write FC in MFM 
Write FD in MFM 
Write FE in MFM 
Write FF in MFM 


*Missing clock transition between bits 4 and 5. 
**Missing clock transition between bits 3 and 4. 
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Write 00 thru F4, in MFM 
Write Ai* in MFM, Present CRC 


Write F8 thru FB, in MFM 


disk is accomplished by positioning the 
R/W head over the desired track number 
and issuing the Write Track command. 


Upon receipt of the Write Track 
command, the Busy Status Bit is set. 
Writing starts with the leading edge of 
the first encountered index pulse and 
continues until the next index pulse, at 
which time the interrupt is activated. 
The Data Request is activated 
immediately upon receiving the 
command, but writing will not start until 
after the first byte has been loaded into 
the Data Register. If the DR has not 
been loaded within three byte times, the 
operation is terminated, making the 
device Not Busy, the Lost Data Status 
Bit is set, and the interrupt is activated. 
If a byte is not present in the DR when 
needed, a byte of zeros is substituted. 
This sequence continues from one index 
mark to the next index mark. Normally, 
whatever data pattern appears in the 
data register is written on the disk with a 


normal clock pattern. However, if the 


VL1772-02 detects a data pattern of F5 
through FE in the data register, this is 
interpreted as a data address mark with 
missing clocks or CRC generation. 


The CRC generator is initialized when 
any data byte from F8 to FE is about to 
be transferred from the DR to the DSR in 
FM or by receipt of F5 in MFM. An F7 
pattern generates two CRC characters 
in FMor MFM. As aconsequence, the 
patterns F5 through FE must not appear 
in the gaps, data fields, or ID fields. 

Also, CRCs must be generated by an F7 
pattern. 


Disks may be formatted in IBM 3740 or 
System 34 formats with sector lengths 
of 128, 256, 512, or 1024 bytes. 
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TYPE IV COMMANDS 

The Forced Interrupt Command is 
generally used to terminate a multiple 
sector read or write command or to 
ensure Type | status in the status 
register. This command can be loaded 
into the command register at any time. 
If there is a current command under 
execution (Busy Status Bit set) the 
command is terminated and the Busy 


he teenie 


The lower four bits of the command 
determine the conditional interrupt as 
follows: 


10 = Don't Care 

11 = Don't Care 

[2 = Every Index Pulse 
I3 = Immediate Interrupt 


The conditional interrupt is enabled 
when the corresponding bit positions of 
the command (I3-I0) are set to a 1. 
Then, when the condition for interrupt is 
met, the INTRQ line goes high signifying 
that the condition specified has 
occurred. If I3-I0 are all set to zero 
(HEX DO), no interrupt occurs but any 
command presently under execution is 
immediately terminated. When using the 
immediate interrupt condition (I3 = 1) an 
interrupt immediately is generated and 
the current command terminated. 
Reading the Status or writing to the 
Command Register does not 
automatically clear the interrupt. The 
HEX D0 is the only command that 
enables the immediate interrupt (HEX 
D8) to clear on a subsequent load 
command register or read status 
register operation. Follow a HEX D8 with 
DO command. 


Wait 16 is (double density) or 32 ps 
(single density) before issuing a new 
command after issuing a forced 
interrupt. Loading anew command 
sooner than this nullifies the forced 
interrupt. 


Force Interrupt Command stops any 
command at the end of an internal micro 
instruction and generates INTRQ when 
the specified condition is met. Force 
Interrupt waits until ALU operations in 
progress are complete (CRC 
calculations, compares, etc.). 


Status Register - Upon receipt of any 
command, except the Force Interrupt 
command, the Busy Status Bit is set 
and the rest of the status bits are 
updated or cleared for the new 
command. Ifthe Force Interrupt 
Command is received when there is a 


$7 


Operation 
Write to 
Command Reg. 
Write to 
Command Reg. 


Write 
Register 


current command under execution, the 
Busy status bit is reset, and the rest of 
the status bits are unchanged. If the 
Force Interrupt command is received 
when there is not a current command 
under execution, the Busy Status Bit is 
reset and the rest of the status bits are 
updated or cleared. In this case, Status 
reflects the Type | commands. 


The user has the option of reading the 
status register through program control 
or using the DRQ line with DMA or 
interrupt methods. When the Data 
Register is read the DRQ bit in the 
Status Register and the DRQ line are 
automatically reset. A write to the Data 
Register also causes both DRQ's to 
reset. 


The Busy Bit in the status may be 
monitored with a user program to 
determine when acommand is complete, 
in lieu of using the INTRQ line. When 
using the INTRQ, a Busy status check 

is not recommended because a read of 
the Status Register to determine the 
condition of busy resets the INTRQ line. 


The format of the Status Register is 
shown below: 


se a ee ee OP BYTES 


}6 | 5 | 4] 3i}2iiio 
| $6 _| $5 | 84 | 83 | 82 | Si | § 


(BITS) 


Because of internal synchronization 
cycles, certain time delays are 

observed when operating under program 
I/O as shown. 


Read Same 
Register 


Shown below is the recommended single- 
density format with 128 bytes/sector. In 
order to format a diskette, the user must 
issue the Write Track command, and 

load the data register with the following 
values. For every byte to be written, 
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Delay Req’d. 
Next Operation FM MFM | 
Read Busy Bit | 48usec| 24usec 
(Status Bit 0) 
Read Status 64usec| 32usec 
Bits 1-7 


32usec} 16sec 


NUMBER 
OF BYTES 


HEX VALUE OF BYTE WRITTEN 
40 FF (or 00) 
00 


6 

1 FE (ID Address Mark) 

1 Track Number 

1 Side Number (00 or 01) 

1 Sector Number (1 thru 1A) 
1 00 (Sector Length) 

1 F7 (2 CRC’s written) 
11 FF (or 00) 

6 0G 
1 FB (Data Address Mark) 
128 Data (IBM uses E5) 
1 F7 (2 CRC’s written) 


10 FF (or 00) 


369** FF (or 00) 


there is one Data Request. 


*“Continue writing until VL1772-02 
interrupts out. Approximately 369 bytes. 


256 BYTES/SECTOR 

Shown below is the recommended dual- 
density format with 256 bytes/sector. In 
order to format a diskette. the user must 
issue the Write Track command and load 
the Data Register with the following 


. values. For every byte to be written, . 


there is one data request. 


NUMBER 
HEX VALUE OF BYTE WRITTEN 
60 4E 


12 00 
3 F5 (Writes A1) 
1 FE (ID Address Mark) 
1 Track Number (0 thru 4C) 
1 Side Number (0 or 1) 
1 Sector Number (1 thru 1A) 
1 01 (Sector Length) 
1 F7 (2 CRC’s written) 
22 4E 
12 00 
3 F5 (Writes A1) ; 
1 FB (Data Address Mark) 
256 DATA 
1 F7 (Data Address Mark) 
24 4E 
668** 4E 


** Continue writing until VL1772-02 
interrupts out. Approximately 668 bytes. 


Non-Standard Formats - Variations in. 

the recommended formats are possible 

to a limited extent, if the following 

requirements are met: 

1) Sector size must be 128, 256, 512, 
or 1024 bytes. | 

2) Gap 2cannotbe varied from the 
recommended format. 


3) Three bytes of A1 must be used in 
MFM. 


a RET 
ad 
faa aerate 
ad 


‘a VL1772-02 


In addition, the Index Address Markis ee ae SS 
not required for operation by the VL1 772- ap ytes ytes 
02. Gap 1,3, and 4 can be as Gap Il 11 bytes FF = 22 bytes 4E 


6 bytes 00 12 bytes 00 


short as two bytes for VL1772-02 * 3 bytes At 
operation; however, PLL lock-up time, Gap Ill** 10 bytes FF 24 bytes 4E 
motor speed variation, write-splice area, 4 bytes 00 8 bytes 00 
etc., add more bytes to each gap to — 5 bytes Al 


achieve proper operation. For highest 
system reliability, use the recommended 


format. 


Gap IV 16 bytes FF 16 bytes 4E 


*Byte counts must be exact. 
**Byte counts are minimum, except exactly 3 bytes 
of A1 must be written. 


TABLE 3. STATUS REGISTER 


BIT NAME 


S7 MOTOR ON 
S6 WRITE PROTECT 


S5 RECORD 
TYPE/SPIN-UP 


S4 RECORD NOT 
~ FOUND (RNF) 
3 CRC ERROR 


S2 LOST DATA/ 


BYTE 


S1 DATA REQUEST 
INDEX — 


SO BUSY 


MEANING 
This bit reflects the status of the Motor On output. 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates 
a Write Protect. This bit is reset when updated. 


When set, this bit indicates that the Motor Spin-Up sequence has completed 
(5 revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record 
Type. 0 = Data Mark. 1 = Deleted Data Mark. 


| When set, it indicates that the desired track, sector, or side were not found. This | 
| bit is reset when updated. 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates 


| error data field. This bit is reset when updated. 


When set, it indicates the computer did not respond to DRQ in one “pyle time. 
This bit is reset_to zero when updated. On Type | commands, this bit reflects the 
status of the TROO signal. 


This bit is a copy of the DRQ output. When set, it indicates the DR is full ona 
Read Operation or the DR is empty on a Write operation. This bit is reset to zero 


| when updated. On Type 1 commands, this bit indicates the status of the: IP 
. signal. 


When set, command is under execution. When reset, no command is under 
execution. 
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FIGURE 4. TYPE Ill COMMAND WRITE TRACK FLOWCHART 


SET BUSY, RESET DRQ, 
LOST DATA STATUS 
BITS 4,5 


DELAY 6 
INDEX PULSES 


NO 

HAS 

INDEX 

YES PULSE 
OCCURRED 

HAS 
30 MS YES 
EXPIRED 


DR TO DSR 
YES 
INTRQ RESET 
BUSY SET WPRT | SET DRQ 


= Le 


YES 


SETINTRQ | NO 
LOST DATA 
RESET BUSY __ 


DRQ BEEN 
SERVICE 


YES 
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| 


FIGURE 4. TYPE Ill COMMAND WRITE TRACK FLOWCHART (Cont.) 


YES (MFM) <=> 


NO (FM) 


DOES YES WRITE 2 CRC 
DSR = F7 CHARS. CLK = FF 


WRITE FC 
CLK = D7 


WRITE FD, FE OR 
F8-F9, CLK = C7 
INITIALIZE CRC 


DOES 
DSR = FD, FE, 
OR F8-FB 


WRITE DSR 
CLK = FF : 


PHYS 
INDEX MARK 


INTRQ RESET YES 
BUSY 


YES 


HAS 
DR BEEN 
LOADED 


WRITE 
BYTE OF ZEROES 
SET DATA LOST 


DOES YES | WRITE A1 IN MFM 
DSR = F5 WITH MISSING 
CLOCK INITIALIZE 
CRC 


DOES WRITE C2 IN MFM 
DSR = F6 WITH MISSING 
CLOCK 


WRITE 2 CRC 
CHARS. 


WRITE DSR 
IN MFM 
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TABLE 4. READ DATA TIMING 


CHARACTERISTIC a et UNITS CONDITIONS 
200 
400 
3 


Raw Read Pulse Width usec MFM 
FM 
uSec . 
TABLE 5. READ ENABLE TIMING 


READ ENABLE TIMING — RE such that: RW = 1, CS = 0. 


CHARACTERISTIC | MIN | 


RE Pulse Width of CS 200 


Raw Read Cycle Time 


SYMBOL CONDITIONS 


torr DRQ Reset from RE 
tov Data Valid from RE C.= 50 pf 
toon Data Hold from RE 20 C,= 50pf 


INTRQ Reset from RE 


Note: Worst case service time for DRQ is 23.5 usec for MFM and 47.5 usec for FM. 


FIGURE 5. READ ENABLE TIMING 
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TABLE 6. WRITE ENABLE TIMING 
WRITE ENABLE TIMING - WE such that: RW = 0, CS = 0. 


SYMBOL [——exanncrenis Twn [ve [max ons CONDITIONS 


tas Setup ADDR to CS 
tser Setup RIW to CS 

tay Hold ADDR from C cs 
tuto Hold RIW from CS 
twe WE Pulse Width _ 
torw. DRQ Reset from WE 
tos Data Setup to WE _ 
tou | Data Hold from WE__ 


INTRQ Reset from WE 


FIGURE 6. WRITE ENABLE TIMING 


pats 


VALID — 


AO,A1 


DRQ 


toRW 
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TABLE 7. WRITE DATA TIMING 


-——SUARACTERSTIC ___}_ MN L_TYP_/ MAK UTS 


SYMBOL CONDITIONS 


Write Gate to Write Data FM 
MFM 
Write Data Cycle Time 
Write Gate off from WD FM 
MFM 
twp Write Data Pulse Width Early MFM 
Nominal MFM 
Late MFM 


FM 


FIGURE 7. WRITE DATA TIMING 


N N AN AN 


| | 
Tana ae a ck a 


EARLY twp 


| a: eceveeenee FOR FM \ 
NOMINAL typ | | 


LATE twp 
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v ts VL1 172-02 
TABLE 8. MISCELLANOUS TIMING | 
| -cwaracterisric | MIN’ | TYP 


SYMBOL ‘CONDITIONS 


top1 Clock Duty (low) 
tcpe2 CLock Duty (high) 
tstp Step Pulse Output MFM 
FM 
tor Dir Setup to Step MFM 
ar aoe FM 
tur Master Reset Pulse Width 


index Pulse Width 


FIGURE 8. MISCELLANOUS TIMING 


-+— ‘Ip mea 
|-—— 'MR —| 
CLK , imps 
ae oe 
——> tcp, : | 
= 


| STEP IN | 
DIRC <ge R 


1 RQ” ate 


roe tsTP +—>| tsTp = [on ‘SPT }~+— 


4-30 


VL1772-02 


FIGURE 9. FORMATS 


INDEX | | 
PULSE wend  =«§«- ences Gm eee am ome cme REPEATED : 
CRC 
2 


| ——$ $$ $< $< FOR EACH SECTOR 
40BYTES|6BYTES| 1D TRACK SECTOR} LENGTH] CAC 11 BYTES | 6 BYTES pele USERDATA | CRC crc }10BYTES 
‘FF ft ‘00’ ‘FE’ # # # 1 ‘FF 00" | ey | 128 BYTES 1 2 ‘FF’ 
sg We ee ee eed be: 


Lp FIELD DATA FIELD--—__—_— 


WRITE pel L ~= 


SINGLE DENSITY FORMAT 


rc a ro | 
3BYTES] ID USER DATA CRC }CRC} 24 BYTES 
‘AY ‘FB' 256 BYTES 1 2 ‘4E’ 


bad REPEATED 
SECTOR { LENGTH {CRCICRC} 22 BYTES{12 BYTES 
# # 1 2 ‘4E' ‘OO' 


AT 
~—_#_—_—________—____—____———_——- FOR EACH SECTOR 
60 BYTES 112 BYTES! 3 BYTES# ID | TRACK 
‘AE’ ‘OO’ ‘Al’ PFE # 


Lip FELD L______ paTA FIELD 
WRITE cao == ans 
DOUBLE DENSITY FORMAT 


ABSOLUTE MAXIMUM RATINGS 


Ambient Operating Stresses above those listed under operational sections of this 
Temperature -10°C to +80°C "Absolute Maximum Ratings” may cause specification is not implied and 
Storage Temperature -65°Cto+140°C | Permanent damage to the device. These exposure to absolute maximum rating 
Supply Voltage to are stress ratings only. Functional conditions for extended periods may 
Ground Potential 05Vt0+7.0V operation of this device at these or other affect device reliability. 


Applied Output conditions above those indicated in the 
plied Outpu 


Voltage -0.5 Vto +7.0 V 
Applied Input 

Voltage -0.5 Vto +7.0 V 
Power Dissipation 800mW 


DC CHARACTERISTICS TA =0°C to 70°C, VCC = 5v+5% 


= 
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APPLICATION INFORMATION 


VL1772-02: AN 
IMPROVED VERSION 


OF THE 1770-00 | 

The 177X family of flexible disk 
controllers has attracted a great deal of 
interest from system designers. 
Allowing compactness and superior 
performance, this family of advanced 
ICs has proven to be a success in the 
marketplace. The original 1770-00 won 
much approval with its 28-pin package. 
Its digital data separator allowed 
consistent operation over temperature, 
but more was required. The error rate of 
this data recovery circuit was too high, 
and a reliable data separator with lower 
error rates was seen as an important 
need for computer systems of all types. 


In addition, a small change of step rate 
selections could ensure faster 


_ throughput, while maintaining 
compatibility with existing designs. 


Thus began the design of a new concept 
in flexible disk controllers. An important 
need was to maintain compatibility with 
existing designs using the 1770-00, 
while extending the capabilities of the 
177X family to include higher- 
performance drives. These criteria have 
been satisfied with the VL1772-02. 


IMPROVING THE DATA 
SEPARATOR 


The improvement of the data separator, 
or data recovery circuit, as it is called, is 
an important enhancement to the 


FIGURE 10. WINDOWING READ DATA 


C\ 


NES 


TABLE 9. STEP RATE SELECTION: 1770-00 


AND VL1772-02 


Step Rate Select a | 
rt 


1770-00 


Step Rate (ms) 
VL1772-02 


© 


© 
_ 
nD 
<i 
NO 


on, eS 
NO 
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reliability of the VL1772-02. The 
operation of this part of the circuit, 
although critical to system reliability, is 
simple to understand. Figure 10 shows 
a train of read data pulses coming from a 
floppy drive. The clock and data pulses 
are both in this signal, combined in a 
simple encoding format. In each bit cell, 
the data separator chooses a time 
period within which pulses are 
recognized as data pulses. The better 
the resolution for defining this window 
for the data pulses, the greater the jitter 
in the signal can be before ones and 
zeros are incorrectly recognized. This 
incorrect recognition, and the resultant 
soft errors, are the basic limiting factor 
in floppy drive error rates. The VL1772- 
02, with a wider data window, has a lower 
chance of incorrect recognition, 
resulting in lower error rates. This effect 
will be particularly evident as the user's 
media degrades with use and jitter 
increases. This increased reliability of 
the VL1772-02 can result in fewer 
returns and greater user satisfaction. 


_ STEP RATES 


With a different selection of step rates 
than the 1770-00 (see table 9), the 
VL1772-02 allows the use of drives with 
minimum settle times up to 12 ms. At 
the same time, performance is 
enhanced to take advantage of floppy 
drives that require only 2 or 3 ms of 
delay. If a design is currently using 
head settle times of 6 or 12 ms (as most 
are), no modifications are required to 
use the VL1772-02 in the 1770-00 
socket. If the current choice of r1 and 
r0 calls for 20 or 30 ms of delay, use of 
the VL1772-02 requires: 
— the selection of drives that have 
head settle time under 12 ms, and 
modified software to allow correct ri, r0 
choice, or 

— implementation of head settle time in 
hardware, with an externalinterrupt. 


Fortunately, almost all modern flexible 
disk drives have head settle times well 
under 12 ms, and current 1770 
applications have taken this into 
account, using 6 or 12 ms as the head 
settle time. Where this change is 


~ required, it will mean less waiting for the 


drives to finish each seek. This will 
certainly produce higher user 
satisfaction with the system, as well as 
appreciably higher performance against 
most benchmarks. © 
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FLOPPY DISK FORMATTER/CONTROLLER FAMILY 


FEATURES 
e ON-CHIP PLL DATA SEPARATOR 


e ON-CHIP WRITE PRECOMPENSATION LOGIC 
e SINGLE +5V SUPPLY 


¢ ACCOMMODATES SINGLE AND DOUBLE DENSITY 
FORMATS 
IBM 32740 (FM) 
IBM 34 (MFM) 


e AUTOMATIC SEEK WITH VERIFY 
e MULTIPLE SECTOR READ/WRITE 
e TTL COMPATIBLE 


e PROGRAMMABLE CONTROL 
SELECTABLE TRACK-TO-TRACK ACCESS 
HEAD LOAD TIMING 


e SOFTWARE COMPATIBLE WITH THE FD179X SERIES 
¢ SOFT SECTOR FORMAT COMPATIBILITY 


PIN DIAGRAM 


VL279X 


1 
2 
3 
4 
5 
6 
7 
8 


SSO/ENMF 


CLK 
PUMP 
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DESCRIPTION 

The VL279X are N-Channel Silicon Gate MOS LSI devices 
which perform the functions of a Floppy Disk For- 
matter/Controller in a single chip implementation. The 
VL279X , which can be considered the end result of both 
the FD1771 and FD179X designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible in 
Double Density Mode (MFM). Tné VL273X Cconiains ati the 
features of its predecessor the FD179X plus a high per- 
formance Phase-Lock-Loop Data Separator as well as Write 
Precompensation Logic. In Double Density mode, Write 
Precompensation is automatically engaged to a value 
programmed via an external potentiometer. In order to 
maintain compatibility, the FD1771, FD179X and VL279X 
designs were made as close as possible with the computer 
interface, instruction set, and I/O registers being identical. 
Also, head load control is identical. In each case, the actual 
pin assignments vary by only a few pins from any one to 
another. 


The processor interface consists of an 8-bit bi-directional 
bus for data, status, and control word transfers. The 
VL279X is set up to operate on a multiplexed bus with 
other bus-oriented devices. 


The VL279X is TTL compatible on all inputs and outputs. 
The outputs will drive one TTL load or three LS loads. The 
2793 is identical to the 2791 except the DAL lines are TRUE 
for systems that utilize true data busses. 


The 2797 has a side select output for controlling double- 
sided drives. 


ORDER INFORMATION 


Package 


Plastic DIP 
Ceramic DIP 


Plastic DIP 
Ceramic DIP 


VL2793-PC 
VL2793-CC 


VL2797-PC 
VL2797-CC 


Single- 
Sided 


Double- 
Sided 


Note: 
Operating temperature range: 0°C to +70°C. 


Vis 
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PIN DESCRIPTION 


PIN NUMBER | PINNAME | SYMBOL 


1 


19 


20 
21 


ENABLE PRECOMP 


MASTER RESET 


POWER SUPPLIES 


COMPUTER INTERFACE: 


2 


5, 6 


24 


39 


WRITE ENABLE 
CHIP SELECT 


READ ENABLE 


REGISTER SELECT LINE 


DATA ACCESS LINES 


CLOCK 


DATA REQUEST 


INTERRUPT REQUEST 


FLOPPY DISK INTERFACE: 


15 
16 


17 


18 


22 


STEP 


DIRECTION 


5%," 8" SELECT 


READ PULSE WIDTH 


TEST 


ENP 


AO, A1 


DALO-DAL7 


CLK 


DRQ 


INTRQ 


STEP 
DIRC 


5/8 


RPW 


TEST 
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FUNCTION 


A Logic high on this input enables write precompen- 
sation to be performed on double density Write Data 
output only. . 

A logic low (50 microseconds min.) on this input 
resets the device and loads HEX 03 into the com- 
mand register. The Not Ready (Status Bit 7) is reset 
during MR ACTIVE. When MR is brought to a logic 
high a RESTORE Command is executed, regardless 
of the state of the Ready signal from the drive. Also, 
HEX 01 is loaded into sector register. 


Ground 
+5V +5% 


A logic low on this input gates data on the DAL into 
the selected register when CS is low. 


A logic low on this input selects the chip and enables 
computer communication with the device.. 


A logic low on this input controls the placement of 
data from a selected register on the DAL when CS is 
low. 


These inputs select the register to receive/transfer 
data on the DAL lines under RE and WE control: 


CS A1 AO RE WE 
0 0 0 Status Reg Command Reg 
0 0 1 Track Reg Track Reg 


0 1 0 SectorReg Sector Reg 
0 1 1 Data Reg Data Reg 


Eight bit bi-directional bus used for transfer of com- 
mands, status, and data. These lines are inverted 
(active low) on VL279X. 


This input requires a free-running 50% duty cycle 
square wave clock for internal timing reference, 2 
MHz + 1% for 8” drives, 1 MHz + 1% for mini- 
floppies. 


This output indicates that the Data Register contains 
assembled data in Read operations, or the DR is 
empty in Write operations. This signal is reset when 
serviced by the computer through reading or loading 
the DR. 


This output is set at the completion of any command 
and is reset when the Status register is read or the 
Command register is written to. 


The step output contains a pulse for each step. 


Direction Output is active high when stepping in, 
active low when stepping out. 


This input selects the internal VCO frequency for use 
with 5%" drives or 8” drives. 


An external potentiometer tied to this input controls 
the phase comparator within the data separator. 

A logic low on this input allows adjustment of exter- 
nal resistors by enabling internal signals to appear on 
selected pins. 


PIN DESCRIPTION (Continued) 


PIN NUMBER 
23 


25 


25 


26 


2/7 


28 


29 


30 


31 


32 


33 


35 


37 


40 


PUMP 


(2793) 


SIDE SELECT OUTPUT 
(2797) 


VOLTAGE-CONTROLLED 


OSCILLATOR 
RAW READ 
HEAD LOAD 


TRACK GREATER 
THAN 43 


WRITE GATE 


WRITE DATA 


READY 


WRITE PRECOMP 
WIDTH 


TRACK 00 


INDEX PULSE 


WRITE PROTECT 


DOUBLE DENSITY 


HEAD LOAD TIMING 


ENABLE MINI-FLOPPY 


SYMBOL 


SSO 


VCO 


RAW READ 


HLD 


TG43 


WG 


WD 


READY 


HLT 
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FUNCTION 


or low to increase/decrease the VCO frequency. 


A logic low on this input enables an internal ~ 2 of 
the Master Clock. This allows both 514" and 8” drive 
operation with a single 2 MHz clock. For a 1 MHz 
clock on Pin 24, this line must be left open or tied toa 
Logic 1. 


The logic level of the Side Select Output is directly 
controlled by the ‘S’ flag in Type II or Ill commands. 
When U = 1, SSO is set to a logic 1. When U = 0, 
SSO is set to a logic 0. The SSO is compared with the 
side information in the Sector |.D. Field. If they do not 
compare Status Bit 4 (RNF) is set. The Side Select 
Output is only updated at the beginning of a Type Il or 
Ill command. It is forced to a logic 0 upon a MASTER 
RESET condition. 


An external capacitor tied to this pin adjusts the VCO 
center frequency. 


The data input signal directly from the drive. This 
input shall be a negative pulse for each recorded flux 
transition. 


The HLD output controls the loading of the Read- 
Write head against the media. 


This output informs the drive that the Read/Write 
head is positioned between tracks 44-76. This output 
is valid only during Read and Write Commands. 


This output is made valid before writing is to be 
performed on the diskette. 


MFM or FM output pulse per flux transition. WD 
contains the unique Address marks as well as data 
and clock in both FM and MFM formats. 


This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands are 
performed. If Ready is low the Read or Write 
Operation is not performed and an interrupt is 
generated. Type | operations are performed regard- 
less of the state of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 


An external potentiometer tied to this input controls 
the amount of delay in Write precompensation mode. 


This input informs the VL279X that the Read/Write 
head is positioned over Track 00. 


This input informs the VL279X when the index hole 
is encountered on the diskette. 

This input is sampled whenever a Write Command is 
received. A logic low terminates the command and 
sets the Write Protect Status bit. . 


This input pin selects either single or double density 
Operation. When DDEN = 0O, double density is 
selected. When DDEN = 1, single density is 
selected. 


When a logic high is found on the HLT input the head 
is assumed to be engaged. It is typically derived from 
a 1 shot triggered by HLD. 


High-Impedance output signal which is forced high 
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Figure 1. 
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APPLICATIONS 

8” FLOPPY AND 514” MINI FLOPPY CONTROLLER 

SINGLE OR DOUBLE DENSITY 
CONTROLLER/FORMATTER 


The VL279X Family are MOS/LSI devices which perform 
the functions of a Floppy Disk Controller/Formatter. Soft- 
ware compatible with its predecessor, the FD179X, the 
device also contains a high performance Phase-Lock-Loop 
Data Separator as well as Write Precompensation Logic. 


When operating in Double Density mode, Write Precom- 
pensation may be enabled, its value predetermined by an 
external potentiometer. An on-chip VCO and phase 
comparator allows adjustable frequency range for 51%” or 
8” Floppy Disk interfacing. 


The VL279X is fabricated in NMOS silicon gate technology 
and available in a 40 pin dual-in-line package. 


FEATURES 
Single Density (FM) 


Double Density (MFM) X 
True Data Bus X 
Inverted Data Bus 

Side Select Out X 


Internal CLK Divide 


ORGANIZATION | 

The Floppy Disk Formatter block diagram is illustrated on 
page 5. The primary sections include the parallel processor 
interface and the Floppy Disk interface. 


Data Shift Register — This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during Read 
operations and transfers serial data to the Write Data 
output during Write operations. 


Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations in Disk 
Read operations the assembled data byte is transferred in 
parallel to the Data Register from the Data Shift Register. In 
Disk Write operations information is transferred in parallel 
from the Data Register to the Data Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Track Register — This 8-bit register holds the track number 
of the current Read/Write head position. It is incremented 
by one every time the head is stepped in (towards track 76) 
and decremented by one when the head is stepped out 
(towards track 00). The contents of the register are com- 
pared with the recorded track number in the ID field during 
disk Read, Write and Verify operations. The Track Register 
can be loaded from or transferred to the DAL. This Register 
should not be loaded when the device is busy. 

Sector Register (SR) — This 8-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the ID 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL. This register should not be loaded when the device is 
busy. 


Command Register (CR) — This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a force interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL. 


Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL. 


CRC Logic — This logic is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = x16. 4. x12 4 x5 4 1. 


The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register is 
preset to ones prior to data being shifted through the 
circuit. 


- Arithmetic/Logic Unit (ALU) — The ALU is a serial compara- 
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tor, incrementer, and decrementer and is used for register 
modification and comparisons with the disk recorded ID 
field. 

Timing and Control — All computer and Floppy Disk in- 
terface controls are generated through this logic. The in- 
ternal device timing is generated from an external crystal 
clock. . 

AM Detector — The address mark detector detects ID, data 
and index address marks during read and write operations. 
Write Precompensation — enables write precompensation 
to be performed on the Write Data output. 


VL279X BLOCK DIAGRAM 
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WRITE 
PRECOMP 


WRITE DATA 
(TO DISK) 


AM DETECTOR 
CRC LOGIC 


COMPUTER 
INTERFACE 


CONTROL 
CONTROL 


ODEN’ 


Data Separator — a high performance Phase-Lock-Loop 
Data Separator with on-chip VCO and phase comparator 
allows adjustable frequency range for 514” or 8” Floppy 
Disk interfacing. 


PROCESSOR INTERFACE 

The interface to the processor is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or into the VL279X. The DAL are 
three state buffers that are enabled as output drivers when 
Chip Select (CS) and Read Enable (RE) are active (low logic 
state) or act as input receivers when CS and Write Enable 
(WE) are active. 


When transfer of data with the Floppy Disk Controller is 
required by the host processor, the device address is 
decoded and CS is made low. The address bits A1 and AO, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 


A1 - AO READ (RE) WRITE (WE) 

0 0 Status Register Command Register 
0 1 Track Register Track Register 

1 0 Sector Register Sector Register 

1 1 Data Register Data Register 


PLA 


CONTROL 


(230 X 16) 
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STATUS 
REG 


DATA SEPARATOR 


CONTROL OIsK 
INTERFAL E 


CONTRO. 


During Direct Memory Access (DMA) types of data trans- 
fers between the Data Register of the VL279X and the 
processor, the Data Request (DRQ) output is used in Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 


On Disk Read operations the Data Request is activated (set 
high) when an assembled serial input byte is transferred in 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor. If the Data Register 
is read after one or more characters are lost, by having new 
data transferred into the register prior to processor readout, 
the Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector is reached. 


On Disk Write operations the data Request is activated 
when the Data Register transfers its contents to the Data 
Shift Register, and requires a new data byte. It is reset when 
the Data Register is loaded with new data by the processor. 
If new data is not loaded at the time the next serial byte is 
required by the Floppy Disk, a byte of zeroes is written on 
the diskette and the Lost Data bit is set in the Status 
Register. | 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force In- 
terrupt command condition is met. 


=i 
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The 279X has two modes of operation according to the 
state of DDEN (Pin 37). When DDEN = 1, Single Density 
(FM) is selected. When DDEN = 0, Double Density (MFM) 
is selected. In either case, the CLK input (Pin 24) is set at 2 
MHz for 8” drives or 1 MHz for 514” drives. 


On the 2791/2793, the ENMF input (Pin 25) can be used for 
controlling both 51%” and 8” drives with a single 2 MHz 
clock. When ENMF = 0, an internal + 2 of the CLK is 
performed. When ENMF = 1, no divide takes place. This 
allows the use of a 2 MHz clock for both 5%” and 8” 
configurations. | 

The internal VCO frequency must also be set to the proper 
value. The 5/8 input (Pin 17) is used to select data separator 
operation by internally dividing the Read Clock. When 5/8 
= 0, 5%” data separation is selected; when 5/8 = 1, 8” 
drive data separation is selected. 


8 " 
54" 
5%" 


FUNCTIONAL DESCRIPTION 


The VL279X is software compatible with the FD179X series 
of Floppy Disk Controllers. Commands, status, and data 
transfers are performed in the same way. Software generated 
for the 179X can be transferred to a 279X system without 
modification. 


In addition to the 179X, the 279X contains an internal Data 
Separator and Write precompensation circuit. The TEST 
(Pin 22) line is used to adjust both data separator and pre- 
compensation. When TEST = 0, the WD (Pin 31) line is 
internally connected to the output of the write precomp 
one-shot. Adjustment of the WPW (Pin 33) line can then be 


accomplished. A second one-shot tracks the precomp set- _ 


ting at approximately 3:1 to insure adequate Write Data 
pulse widths to meet drive specifications. 


Similarly, Data separation is also adjusted with TEST = 0. 
The TG43 (Pin 29) line is internally connected to the output 
of the read data one-shot, which is adjusted via the RPW 
(Pin 18) line. The DIRC (Pin 16) line contains the Read Clock 
output (.5 MHz for 8” drives). The VCO Trimming capacitor 
(Pin 26) is adjusted for center frequency. 


Internal timing signals are used to generate pulses during 
the adjustment. mode so that these adjustments can be 
made while the device is in-circuit. The TEST line also 
contains a pull-up resistor, so adjustments can be per- 
formed simply by grounding the TEST pin, overriding the 
pull-up. The TEST pin cannot be used to disable stepping 
rates during operation as its function is quite different from 
the 179X. | 


Other pins on the device also include pull-up resistors and 
may be left open to satisfy a Logic 1 condition. These are: 
ENP, 5/8, ENMF, WPRT, DDEN, HLT, TEST, and MR. 


GENERAL DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are obtainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical ‘1.’ For MFM formats, DDEN should be 
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Sector Length Table* 

Sector Length Number of Bytes © 
Field (hex) in Sector (decimal) 
00 128 
01 256 
02 512 
03 1024 


*2793/97 may vary — see command summary. 


placed to a logical ‘0.’ Sector lengths are determined at 
format time by the fourth byte in the “ID” field. 


The VL279X recognizes tracks and sectors numbered 00- 
FFX. However, due to programming restrictions, only tracks 
and sectors 00 thru F4 can be formatted. 


GENERAL DISK WRITE OPERATION 

When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
Read/Write head. As a precaution to erroneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the 279X before the Write 
Gate signal can be activated. 


Writing is inhibited when the Write Protect input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. 


For write operations, the 279X provides Write Gate (Pin 30) 
and Write Data (Pin 31) outputs. Write data consists of a 
series of pulses set to a width approximately three times 
greater than the precomp adjustment. Write Data provides 
the unique address marks in both formats. 


READY 

Whenever a Read or Write command (Type Il or Ill) is 
received the 279X samples the Ready input. If this input is 
logic low the command is not executed and an interrupt is 
generated. All Type | commands are performed regardless 
of the state of the Ready input. Also, whenever a Type II or 
\1l command is received, the TG43 signal output is updated. 
TG43 may be tied to ENP to enable write precompensation 
on tracks 44-76. 


COMMAND DESCRIPTION — 

The VL279X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one ex- 
ception is the Force interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is generated 
and the Busy status bit is reset. The Status Register in- 
dicates whether the completed command encountered an 
error or was fault free. For ease of discussion, commands 
are divided into four types. Commands and types are 
summarized in Table 1. 
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TABLE 1. COMMAND SUMMARY 
A. | Commands for Model 2793 B. Commands for Model 2797 


Bits Bits 
Type Command 7 6 5 4 3 2 7 6 5 4 3 2 

| Restore 0 0 0 0 h von ro | O 0 0 0 h V r 0 
| Seek 0 0 0 1 h V "1 rO 0 0 0 1 h V "1 rO 
| Step 0 0 1 - h V "1 0 0 0 1 T h V "1 10 
1 Step-in 0 1 0 T h VA Oo | O 1 0 T h V "1 rO 
| Step-out 0 1 1 T h \\ Oo 1 O 1 1 T h V "4 '0 
"! ~Read Sector 4 G 0 m Ss E Cc o r 0 0 Ti L c U 0 
I! -Write Sector 1 0 1 m § E Cc 40] 1 0 1 m L E U ad 
lll Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E U 0 
il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0 
lll Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U 0 
IV Force Interrupt 1 1 #0 #14 + '2 +%W tof} 1 4 +40 +74 «83 «+12 6 lo 


TABLE 2. FLAG SUMMARY 


Command Bit 
Type No(s) Description 


| '1'O = Stepping Motor Rate 
See Table 3 for Rate Summary 


V = Track Number Verify Flag|V = 0, No verify 


V = 1, Verify on destination track 
| h = Head Load Flag h = 0,Unload head at beginning 
h = 1, Load head at beginning 
| T = Track Update Flag T =0,Noupdate 
T = 1, Update track register 
WS Tl aQ = Data Address Mark 40 = 0, FB (DAM) 
40 = 1, F8 (deleted DAM) 
II C = Side Compare Flag C = 0, Disable side compare 
C = 1, Enable side compare 
H&A U = Update SSO U = 0, Update SSO to0 
U = 1, Update SSO to 1 
W& UI E = 15 MS Delay E = 0, No. 15 MS delay 
E = 1,15 MS delay (30 MS for 1 MHz) 
I S = Side Compare Flag | S = 0, Compare for side 0 
S = 1, Compare for side 1 
LSB’s Sector Length in ID Field 
tI L = Sector Length Flag , 00 o1 10 1 
L =0 256 512 1024 128 
L=1 128 256 512 1024 
iI m = Multiple Record Flag m = 0, Single record 
m = 1, Multiple records 
IV 


lx = Interrupt Condition Flags 

= 1 Not Ready To Ready Transition 

= 1 Ready To Not Ready Transition 
l2 = 1 Index Pulse 

= 1Immediate Interrupt, Requires A Reset” 
I3-l¢ = O Terminate With No Interrupt (INTRQ) 


*NOTE: See Type IV Command Description for further information. 
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_ Write Precompensation 
When operating in Double Density mode (DDEN = 0), the 
279X has the capability of providing a user-defined 
Pprecompensation value for Write Data. An external 
potentiometer (10K) tied to the WPW signal (Pin 33) allows a 
setting of 100 to 300 ns from nominal. 


Setting the Write precomp value is accomplished by for- 
cing the TEST line (Pin 22) to a Logic 0. A stream of pulses 
can then be seen on the Write Data (Pin 31) line. Adjust the 
WPW Potentiometer for the desired pulse width. This 
adjustment may be performed in-circuit since Write Gate 
(Pin 30) is inactive while TEST = 0. 


Data Separation | 

The 279X can operate with either an external data separator 
or its own internal recovery circuits. The condition of the 
TEST line (Pin 22) in conjunction with MR (Pin 19) will select 
internal or external mode. 


To program the 279X for external VCO, a MR pulse must be 
applied while TEST = 0. A clock equivalent to eight times 
the data rate (e.g., 4.0 MHz for 8” Double Density) is applied 
to the VCO input (Pin 26). The feedback reference voltage is 
available on the Pump output (Pin 23) for external in- 
tegration to control the VCO. TEST is returned to a Logic 1 
for normal operation. Note: To maintain this mode, TEST 
must be heid low whenever MR is applied. 


For internal VCO operation, the TEST line must be high 
during the MR pulse, then set to a Logic 0 for the ad- 
justment procedure. 


A 50K Potentiometer tied to the RPW input (Pin 18) is used 
to set the internal Read Data pulse for proper phasing. With 
a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of 
the data rate (250 ns for 8” Double Density). An external 
variable capacitor of 5-60 pf is tied to the VCO input (Pin 26) 
for adjusting center frequency. With a frequency counter 
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap- 
propriate Data Rate (500 KHz for 8” Double Density). The 
DDEN line must be low while the 5/8 line is held high or the 
adjustment times above will be doubled. 


After adjustments have been made, the TEST pin is 
returned to a Logic 1 and the device is ready for operation. 
Adjustments may be made in-circuit since the DIRC and 
TG43 lines may toggle without affecting the drive. 


The PUMP output (Pin 23) consists of positive and negative 
pulses, which their duration is equivalent to the phase 
difference of incoming Data vs. VCO frequency. This signal 
is internally connected to the VCO input, but a Filter is 
needed to connect these pulses to a slow EmevINg DC 
voltage. | 


The internal phase-detector i is unsymmetrical fora random 
distribution of data pulses by a factor of two, in favor of a 
PUMP UP condition. Therefore, it is desirable to have a 
PUMP DOWN twice as responsive to prevent run-away 
during alock attempt. 


A first order lag-lead filter can be used at the PUMP output 
(Pin 23). This filter controls the instantaneous response of 
the VCO to bit-shifted data (jitter) as well as the response to 
normal frequency shift, i.e., the lock-up time. A balance 


must be accomplished baiwech the two conditions: to 
inhibit over-responsiveness to jitter and to prevent an 
extremely wide lock-up response, leading to PUMP run- 


away. The filter affects these two reactions in mutually 
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opposite directions. 


The following Filter Circuit is recommended for 8" 
FM/MFM: 


PUMP 
(PIN 23) 


<1 


1KQ IN914 


Since 514” Drives operate at exactly one-half the data rate 
(250 Kb/sec) the above capacitor should be doubled to .2 or 


22uf. 


TYPE | COMMANDS 

The Type | Commands include the Restore, Seek, Step, 
Step-in, and Step-Out commands. Each of the Type | 
Commands contains a rate field (ro r4), which determines 
the stepping motor rate as defined in Table 3. 


A 2us (MFM) or 4 us (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
track location in a direction determined by the direction 
output. The chip will step the drive in the same direction it 
last stepped unless the command changes the direction. 


The Direction signal is active high when stepping in and 
low when stepping out. The Direction signal is valid before 
the first stepping pulse is generated. 


The rates (shown in Table 3) can be applied to a Step- 
Direction Motor through the device interface. 


TABLE 3. STEPPING RATES 


CLK 2 MHz 1 MHz 

R1 RO TEST = 1 TEST = 1 
0 0 3ms 6ms 
0 1 6ms 12 ms 
1 0 10 ms 20 ms 
1 1 15ms 30 ms 


After the last directional step an additional 15 milliseconds 
of head settling time takes place if the Verify flag is set in 
Type | commands. Note that this time doubles to 30 ms for 
a 1 MHz clock. There is also a 15 ms head settling time if 
the E flag is set in any Type II or Il] command. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2(V = 1) in the command word to 
a logic 1. The verification operation begins at the end of the 
15 millisecond settling time after the head is loaded against 
the media. The track number from the first encountered !D 


Field is compared against the contents of the Track 
Register. If the track numbers compare and the ID Field 
Cyclic Redundancy Check (CRC) is correct, the verify 
operation is complete and an INTRQ is generated with no 
errors. If there is a match but not a valid CRC, the CRC error 
status bit is set (Status bit 3), and the next encountered ID 
field is read from the disk for the verification operation. 


The VL279X must find an ID field with correct track 
number and correct CRC within 5 revolutions of the media; 
otherwise the seek error is set and an INTRQ is generated. 
If V = 0, no verification is performed. 


The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type | command if the h flag is set(h = 1), at 
the end of the Type | command if the verify flag (V = 1), or 
upon receipt of any Type II or Ill command. Once HLD is 
active it remains active until either a Type | command is 
received with (h = 0 and V = 0); or if the 279X is in an idle 
state (non-busy) and 15 index pulses have occurred. 


Head Load timing (HLT) is an input to the 279X which is 
used for the head engage time. When HLT = 1, the 279X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low to high transition on HLD is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the 279X. 


HEAD LOAD TIMING 


HLT (FROM ONE SHOT) 


When both HLD and HLT are true, the 279X will then read 
from or write to the media. The ‘“‘and” of HLD and HLT ap- 
pears as status Bit 5 in Type | status. 


In summary for the Type | commands: if h = O and V = 0, 
HLD is reset. If h = 1 and V = O, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 15 ms delay. Ifh = Oand V = 1, HLD is set 
near the end of the command, an internal 15 ms occurs, 
and the 279X waits for HLT to be true. Ifh = 1 andV = 1, 
HLD is set at the beginning of the command. Near the end 
of the command, after all the steps have been issued, an 
internal 15 ms delay occurs and the 279X then waits for HLT 
to occur. 


For Type Il and Ill commands with E flag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 15 ms delay occurs and then HLT is 
sampled until true. 


RESTORE (SEEK TRACK 0) 

Upon receipt of this command the Track 00 (TROO) input is 
sampled. If TROO is active low indicating the Read-Write 
head is positioned over track 0, the Track Register is loaded 
with zeroes and an interrupt is generated. If TROO is not 
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active low, stepping pulses at a rate specified by the '1'O 
field are issued until the TROO input is activated. At this 
time the Track Register is loaded with zeroes and an in- 
terrupt is generated. If the TROO input does not go active 
low after 255 stepping pulses, the 279X terminates 
operation, interrupts, and sets the Seek error status bit. A 
verification operation takes place if the V flag is set. The h 
bit allows the head to be loaded at the start of command. 
Note that the Restore command is executed when MR 
goes from an active to an inactive state. 


SEEK 

This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The VL279X will update the Track register and 
issue stepping pulses in the appropriate direction until the 


TYPE | COMMAND FLOW 


RECEIVED 
9 


YES 


SET BUSY. RESET CRC, 
SEEK ERROR. ORQ. INTRO 


So 


YES 


SET HLD 


IS 
COMMAND 


NO 


RESET HLD 


RESET 
DIRECTION 


YES 


NO 


IS 
YES COMMAND 
A 
SEEK 
? 


NO 


ll =| 
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TYPE | COMMAND FLOW 


DR TO OSR 


DOES ¥ 
TR: DSR . 
9 
NO 


HEAD AT 
TRACK 0 AND 
DIRECTION 
=0 
> 


ISSUE 
ONE STEP PULSE 
DELAY ACCORDING 
TO RI, RO FIELO 


IS 

COMMANO 

A STEP. STEP-IN. 

OR STEP-OUT 
2 


NO 


contents of the Track register are equal to the contents of 
the Data Register (the desired track location). A verification 
Operation takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are issued. 


STEP 

Upon receipt of this command, the 279X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the '1°0 field, a verification 
takes place if the V flag is on. If the T flag is on, the Track 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt is generated at 
the completion of the command. 


STEP-IN 


Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 76. If the T 
flag is on, the Track Register is incremented by one. After a 
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TYPE | COMMAND FLOW 


VERIFY (o) 
<> 


SEQUENCE 


*. oe 
15 MS 


ek aad 


s 
INTRO. RESET BUSY 
SET SEEK ERROR 


HAS 

10 AM BEEN 

DETECTED 
9 


OOES 

TR: TRACK 

_ AODRESS OF !0 
rere 


YES 


1S 
THERE A 
CRC ERROR 
? 


INTRO 
RESET BUSY 


1 MHz THERE IS A 30MS DEI AY 


SET 
CAC 
ERROR 


Yes 


NO 
RESET 
CRC 


NOTE 


delay determined by the '1'0 field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 


STEP-OUT 

Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 0. If the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the ''0 field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

EXCEPTIONS 

On the 2797 device, the SSO output is not affected during 
Type | commands, and an internal side compare does not 
take place when the (V) Verify Flag is on.. 

TYPE Il COMMANDS 

The Type Il Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type Il Command 
into the Command Register, the computer must load the 
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Sector Register with the desired sector number. Upon 
receipt of the Type Il command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HLD is made active 
and HLT is sampled after a 15 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 15 msec delay. 


When an ID field is located on the disk, the 279X compares 
the Track Number on the !D field with the Track Register. If 
there is not a match, the next encountered ID field is read 
and a comparison is again made. If there was a match, the 
Sector Number of the ID field is compared with the Sector 
Register. If there is not a Sector match, the next en- 
countered ID field is read off the disk and comparisons 
again made. If the ID field CRC is correct, the data field is 
then located and will be either written into, or read from 


ENTER ; 


iS 
TYPE Il 
COMMAND 


RECEIVED 
? 


TYPE || COMMAND 


SET BUSY, RESET ORQ, LOST 
DATA, RECORD NOT FOUND, & 
STATUS BITS 5 & 6 INTRO 


INTRO 
RESET BUSY 


YES 
COPY 'S’ FLAG TO 
SSO LINE (2795.7 ONLY) 


o> 7 
_- 
15 MS 


EXPIRED 
? 


IS 
WRITE 
PROTECT 
ON 


> 
INTRQ RESET BUSY 
SET WRITE PROTECT 


IS 
COMMAND 
A 


YES 
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TYPE It COMMAND 


HAVE 
H INTRQ, RESET BUSY 
: eae SET RECORD-NOT FOUND 
? 


NO 


HAS 
1DAM 


BEEN 
DETECTED 
? 


TR = TRACK 
ADDRESS OF 1D 
FIELD 


BRING IN SECTOR LENGTH FIELD 
STORE LENGTH IN INTERNAL 
REGISTER 


1s 

THERE A 

CRC ERROR 
2 


ET CRC 
STATUS ERROR 


f 


“« READ 


depending upon the command. The 279X must find an ID 
field with a Track number, Sector number, side number, and 
CRC within 5 revolutions of the disk; otherwise, the Record. 
not found status bit is set (Status bit 4) and the command is 
terminated with an interrupt. 


Each of the Type |! Commands contains an (m) flag which 
determines if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector is read or written and an interrupt is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
record. The 279X will continue to read or write multiple 
records and update the sector register in numerical 
ascending sequence until the sector register exceeds the 
number of sectors on the track or until the Force Interrupt 
command is loaded into the Command Register, which 
terminates the command and generates an interrupt. 


For example: If the 279X is instructed to read sector 27 and 
there are only 26 on the track, the sector register exceeds 
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TYPE I! COMMAND ; 


READ SECTOR 
SEQUENCE 


: & 
PUT RECORD TYPE IN 
STATUS REG BIT 5 


NO ALL BYTES 


BEEN INPUTTED 
2 


YES cRC No | 


YE 
+170 
SECTOR REG 
“INTRO RESET BUSY 


the number available. The 279X will search for 5 disk 
revolutions, interrupt out, reset busy, and set the record not 
found status bit. 


INTRQ, RESET BUSY 
SET CRC ERROR 


The Type !! commands for the 2793 also contain side select 
compare flags. When C = 0 (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the ID Field of the disk and compared with the contents of 
the (S) flag (Bit 3). If the S flag compares with the side 
number recorded in the ID field, the 279X continues with 
the ID search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. | 


The Type Il and {ll commands for the 2797 contain a side | 


select flag (Bit 1). When U = 0, SSO is updated to 0. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the ID field. If they do not compare within 5 
revolutions the interrupt line is made active and the RNF 
status bit is set. : 


The 2797 READ SECTOR and WRITE SECTOR com- 


TYPE Il COMMAND =~ 
| eS _ WRITE SECTOR 
SEQUENCE 
[me] 


DELAY 8 BYTES OF GAP 


LOADED BY 

COMPUTER 

(ORQ : 0 
9 


NO INTRQ RESET BUSY 
SETLOSNT DATA 
YES 

DELAY 1 BYTE OF GAP <p 

. YES 

TURN ON WG & WRITE 

6 BYTES OF ZEROS 

WRITE DATA AM 


ACCORDING TO AO FIELO 
OF WRITE COMMAND 


DELAY 11 BYTES 


TURN ON WG & WRITE 
12 BYTES OF ZEROS 


OR TO OSR. SET ORQ 
WRITE BYTE TO DISK 


HAS 
OR BEEN NO SET DATA 
LOADED LOST 


(DRQ = 0) WRITE BYTE 
9 OF ZEROS 
HAVE 
YES 
ALL BYTES WRITE CRC 
WRITE 1 BYTE OF FF 


BEEN WRITTEN 
? 
TURN OFF WG 


mands include a ‘L’ flag. The ‘L’ flag, in conjunction with 
the sector length byte of the ID Field, allows different byte 


‘lengths to be implemented in each sector. For IBM com- 


patibility, the ‘L’ flag should be set to a one. 


READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field is 
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRC, the 
data field is presented to the computer. The Data Address 
Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last ID 
field CRC byte; if not, the ID field search is repeated. 


When the first character or byte of the data field has been 
shifted through the DSR, it is transferred to the DR, and 
DRQ is generated. When the next byte is accumulated in 
the DSR, it is transferred to the DR and another DRQ is 
generated. If the Computer has not read the previous 
contents of the DR before a new character is transferred 


that character is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been inputted to the computer. If there is a CRC error at the 
end of the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple sector 
command). 


At the end of the Read operation, the type of Data Address 
Mark encountered in the data field is recorded in the Status 
Register (Bit 5) as shown: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 
WRITE SECTOR 


Upon receipt of the Write Sector command, the head is 
loaded (HLD active) and the Busy status bit is set. When an 
ID field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a DRQ is generated. The 279X counts off 11 bytes in 
single density and 22 bytes in double density from the CRC 
field and the Write Gate (WG) output is made active if the 
DRQ is serviced (i.e., the DR has been loaded by the 
computer. If DRQ has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the DRQ 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the 40 
field of the command as shown below: 


a0 Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark 


The 279X then writes the data field and generates DRQ’s to 
the. computer. If the DRQ is not serviced in time for con- 
tinuous writing the Lost Data Status Bit is set and a byte of 
zeroes is written on the disk. The command is not ter- 
minated. After the last data byte has been written on the 
disk, the two-byte CRC is computed internally and written 
on the disk followed by one bye of FE in FM or in MFM. The 
WG output is then deactivated. For a 2 MHz clock the 
INTRQ will set 8 to 12 usec after the last CRC byte is 
written. For partial sector writing, the proper method is to 
write the data and fill the balance with zeroes. By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 


TYPES Iil COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the six 
data bytes of the ID field are assembled and transferred to 
the DR, and a DRQ is generated for each byte. The six bytes 
of the ID field are shown below: 


TRACK SIDE SECTOR | SECTOR } CRC 
ADDR | NUMBER | ADDRESS} LENGTH | 1 


Although the CRC characters are transferred to the 
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TYPE Iii COMMAND WRITE TRACK 


ENTER 


SET BUSY, RESET DRQ, 
LOST DATA, STATUS 
BITS 4,5 


INTRQ 
RESET BUSY 


SET HLD 


YES 


COPY 'S' FLAG TO 
SSO LINE (2795.7 ONLY) 


YES 
HAS 
15 MS 


EXPIRED 
? 


YES 


DR TO DSR 


SET ORu 


SET INTRO NO 
LOST DATA 


RESET BUSY 


DRQ BEEN 
SERVICE 


*30 MS IF CLOCK 
= 1MHz 


computer, the 279X checks for validity and the CRC error 
status bit is set if there is a CRC error. The Track Address of 
the ID field is written into the sector register so that a 
comparison can be made by the host. At the end of the 
operation an interrupt is generated and the Busy Status is 
reset. 

READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and DRQ’s are generated for each byte. The ac- 
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TYPE Ili COMMAND WRITE TRACK 


YES (MFM) 


WRITE DSR 
CLK FF 


YES 


( INTRQ RESET BUSY 


YES 


NO (FM) 


DOES 
DSR F7 
. 2 
NO 


DOES 
OSR_ FC 
2 


YES 


WRITE 2 CRC 
CHARS CLK FF 


WRITE FC 
CLK 07 


WRITE FO. FE OR 
F8-FB.CLK C7 
INITIALIZE CRC 


PHYS 
INDEX MARK 
9 


WRITE 
BYTE OF ZEROS 
SET DATA LOST 


HAS 
OR BEEN 
LOADED? 


WRITE Atl" IN MFM 
WITH MISSING CLOCK 
INITIALIZE CRC 


YES 


WRITE C2° IN MFM 
WITH MISSING CLOCK 


WRITE 2 CRC 
CHARS 
WRITE OSR 


IN MFM 


CONTROL BYTES FOR INITIALIZATION 


DATA PATTERN 
IN DR (HEX) 


00 thru F4 
F5 
F6 
F7 
F8 thru FB 
FC 
FD 
FE 
FF 


: Missing clock tran 


VL279X INTERPRETATION | 


INFM (DDEN=1) | 


Not Allowed 
Not Allowed 
Generate 2 CRC bytes 


Write FC with Cik = D7 
Write FD with Clk = FF 


Write FF with Clk = FF 
sition between bits 4 and 5 


Write 00 thru F4 with CLK = FF 


cumulation of bytes is synchronized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. a: 


This command has several characteristics which make it 
suitable for diagnostic purposes. They are: no CRC 
checking is performed; gap information is included in the 
data stream; the internal side compare is not performed; 
and the address mark detector is on for the duration of the 
command. Because the A.M. detector is always on, write 
splices or noise may cause the chip to look for an A.M. If an 
address mark does not appear on schedule with the Lost 
Data status flag being set. 


The ID A.M., ID field, ID CRC bytes, DAM, Data and Data 


CRC Bytes for each sector will be correct. The Gap Bytes 


may be read incorrectly during write-splice time because of 
synchronization. 


WRITE TRACK FORMATTING THE DISK | 

(Refer to section on Type Ill commands for flow diagrams.) 
Formatting the disk is a relatively simple task when operat- 
ing programmed W/O or when operating under DMA with a 
large amount of memory. Data and gap information must be 
provided at the computer interface. Formatting the disk is 
accomplished by positioning the R/W head over the de-. 
sired track number and issuing the Write Track command. 


Upon receipt of the Write Track command, the head is 


Write F8 thru FB, Clk = C7, Preset CRC 


Write FE, Clk = C7, Preset CRC 
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loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im- 
mediately upon receiving the command, but writing will not 
start until after the first byte has been loaded into the Data 
Register. If the DR has not been loaded by the time the 
index pulse is encountered the operation is terminated 
making the device Not Busy, the Lost Data Status Bit is set, 
and the interrupt is activated. If a byte is not present in the 
DR when needed, a byte of zeroes is substituted. 


This sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears in the 
data register is written on the disk with a normal clock 
pattern. However, if the 279X detects a data pattern of F5 
thru FE in the data register, this is interpreted as data ad- 
dress marks with missing clocks or CRC generation. 


The CRC generator is initialized when any data byte from 
F8 to FE is about to be transferred from the DR to the DSR 


VL279X INTERPRETATION 
IN MFM (DDEN = 0) 


Write 00 thru F4, in MFM 
Write A1* in MFM, Preset CRC 
Write C2** in MFM | 
Generate 2 CRC bytes 
Write F8 thru FB, in MFM 
Write FC in MFM 

Write FD in MFM 
Write FE in MFM 

_ Write FF in MFM 


** Missing clock transition between bits 3 and 4 


or by receipt of F5 in MFM. An F7 pattern will generate two 
CRC characters in FM or MFM. As a consequence, the 
patterns F5 thru FE must not appear in the gaps, data 
fields, or ID fields. Also, CRC’s must be generated by an F7 
pattern. 


Disks may be formatted in IBM 3740 or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 


TYPE IV COMMANDS 

The Forced Interrupt command is generally used to ter- 
minate a multiple sector reac or write command or to in- 
sure Type | status in the status register. This command can 
be loaded into the command register at any time. If there is 
a Current command under execution (busy status bit set) 


TYPE til COMMAND Read Track/Address 


ENTER 


SET BUSY 
RESET STATUS 
BITS 2, 4,5 


NO 
INTRQ 
RESET BUSY 


) 


COPY'S FLAG 
TO SSO LINE 
(2795,7 ONLY) 


SET HLD 


z 
[o) 


oe 


YES 


DELAY 15M¢S 


Of 


YES 


UPDATE 


é 


READ 
ADORESS 


< 
m 
n 
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the command will be terminated and the busy status bit 
reset. 


The lower four bits of the command determine the condi- 
tional interrupt as follows: 


lo = Not-Ready to Ready Transition 
l1 = Ready to Not-Ready Transition 
I2 = Every Index Pulse 

I3 = Immediate Interrupt 


The conditional interrupt is enabled when the correspond- 
ing bit positions of the command ('3 - !0) are set to a 7. 
Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified has 
occurred. If !3 - !o are all set to zero (HEX DO), no interrupt 
will occur but any command presently under execution will 
be immediately terminated. When using the immediate 


READ TRACK 
SEQUENCE 


YES 


SHIFT ONE BIT 
INTO OSR 
NO 


YES 


SET INTRQ 
RESET BUSY 


ADDRESS 
MARK DETECTEC 
? 


HAVE 8 
BITS BEEN 
ASSEMBLED 
? 


YES 


NO SET LOST 


2 DATA BIT 
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interrupt condition !3 = 1), an interrupt will be immediately 
generated and the current command terminated. Reading 
the status or writing to the command register will not auto- 
matically clear the interrupt. The HEX DO is the only com- 
mand that will enable the immediate interrupt (HEX D8) to 
clear on a subsequent load command register or read sta- 
tus register operation. Follow a HEX D8 with DO command. 


Wait 8 micro sec (double density) or 16 micro sec (single 
density) before issuing a new command after issuing a 
forced interrupt (times double when clock 1 MHz). 
Loading a new command sooner than this will nullify the 
forced interrupt. 


i 


Forced interrupt stops any command at the end of an in- 
ternal micro-instruction and generates INTRQ when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRC 
calculations, compares, etc.) 


More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (1 1) 
and the Every Index Pulse ('2 = 1) are both set, the 
resultant command would be HEX “DA.” The “OR” func- 
tion is performed so that either a READY TO NOT-READY 
or the next Index Pulse will cause an interrupt condition. _ 


TYPE Ill COMMAND Read Track/Address 


HAVE 6 
INDEX HOLES 
PASSED 

? 


READ ADDRESS 
SEQUENCE 


YES RESET BUSY 


SET INTAQ 
SET RNF 


NO 
HAS 
(OAM BEEN 
OETECTED 
2 


YES 


SHIFT 1 BYTE 
INTO OSA 


TRANSFER 
BYTE TO OR 


SET DRQ 


. NO 


HAVE 6 
SYTES BEEN 
READ 
> 


YES 


TRANSFER TRACK 
NUMBER TO SECTOR 
REGISTOR 


crc. 
ERROR 


SET INTRO 
RESET BUSY 


YES 


SET CRC 
ERROR BIT : 


STATUS REGISTER 

Upon receipt of any command, except the Force Interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force Interrupt command is received when there is not a 
current command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared. 
In this case, Status reflects the Type | commands. 


The user has the option of reading the status register 
through program control or using the DRQ line with DMA or 
interrupt methods. When the Data register is read the DRQ 
bit in the status register and the DRQ line are automatically 
reset. A write to the Data register also causes both DRQ’s 
to reset. 


The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in lieu 
of using the INTRQ line. When using the INTRQ, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRQ line. 


The format of the Status Register is shown below: 


(BITS) 


Status varies according to the type of command executed 
as shown in Table 4. | 


Because of internal sync cycles, certain time delays must 
be observed when operating under programmed I/O. They 


are: (times double when clock = 1 MHz) 
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~ 


Delay Req'd. 
FM MFM 


6us 


Operation 
Write to 
Command Reg. 
Write to 
Command Reg. 


Write Any 
Register 


Next Operation 
Read Busy Bit 
(Status Bit 0) 

Read Status © 
Bits 1-7 

Read From Diff. 
Register . 


IBM 3740 FORMAT — 128 BYTES/SECTOR 

Shown below is the IBM single-density format with 128 
bytes/sector. In order to format a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 
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NUMBER — HEX VALUE OF NUMBER HEX VALUE OF 
OF BYTES BYTE WRITTEN OF BYTES BYTE WRITTEN 
40 FF (or 00)3 80 4E 
6 00 12 00 
1 FC (Index Mark) 3 F6 (Writes C2) 
1 26 FF (or 00) 1 FC (Index Mark) 
00 * 5O 4E 
FE (ID Address Mark) 12 00 
Track Number 3 F5 (Writes A1) 
Side Number (00 or 01) 1 FE (ID Address Mark} 
Sector Number (1 thru 1A) 1 Track Number (0 thru 4C) 
00 (Sector Length) 1 Side Number (0 or 1) 
F7 (2 CRC’s written) 1 Sector Number (1 thru 1A) 
FF (or 00) 1 01 (Sector Length) 
00 1 F7 (2 CRCs written) 
FB (Data Address Mark) 22 4E 
Data (IBM uses E5) 12 00 
F7 (2 CRC’s written) 3 F5 (Writes A1) 
FF (or 00) 1 FB (Data Address Mark) 
2472 FF (or 00) 256 DATA 
1. Write bracketed field 26 times a a eer) 
2. Continue writing until 279X interrupts out. 508** 4 
Approx. 247 bytes. z 
3. A ‘00’ option is allowed. * Write bracketed field 26 times 
** Continue writing until 279X interrupts out. 
IBM SYSTEM 34 FORMAT- Approx. 598 bytes. 


256 BYTES/SECTOR 

Shown below is the IBM dual-density format with 256 
bytes/sector. In order for format a diskette the user must 
issue the Write Track command and load the data register 
with the following values. For every byte to be written, there 
is one data request. 


IBM TRACK FORMAT 


PHYSICAL INDEX 


46 BYTES FM 
92 BYTES MFM 
INDEX AODRESS MARK 


GAP ces GAP 1 At f GAP 2 DATA GAP3 { 
PRE INDEX YT POST INDEX 'D 1D GAP 10 DATA 1D DATA FIELD 10 OATA FIELD 
aon BYTEEU see rovite | 2BYTES | Recoro spavree oh Misa Bel choles Record {| Gap2 | AEcCoRD | caps | record RECORD | REconD |Gap2} RECORD 
744 BYTES MFM ONLY 62 BYTES MEM ONLY NO} 34 BYTE MEM NO 1 66 BYTE MFM NO 2 NO 2 NO 3 NO 3 NO 26 NO 26 
NOMINAL 


{N MFM ONLY IDAM AND DATA AM 

ARE PRECEDED BY THREE BYTES OF 
A1 WITH CLOCK TRANSITION BETWEEN 
BITS 4 ANO § MISSING 


**MISSING CLOCK TRANSITION 
BETWEEN BITS 3 AND 4 


FM -+— 11 BYTES —+-- 6 BYTES 0 [+ 1 BYTE }+-—_— 32 BYTES 


teu 22 BYTES f 12 BYTES 3 1 BYTE \ 


—-| 0 
3 

WRITE GATE TURN ON FOR UPDATE + ——— WRITE TURN OFF FOR UPDATE 

OF NEXT DATA FIELD OR PREVIOUS DATA FIELD 
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1. NON-IBM FORMATS 


| MFM 

Variations in the IBM formats are possible to a limited ex- mee 
tent if the following requirements are met: Gap | 16 bytes FF 32 bytes 4E 
1) Sector size must be 128, 256, 512 of 1024 bytes. Gap I! 11 bytes FF 22 bytes 4E 

* 6 bytes 00 12 bytes 00 
2) Gap 2 cannot be varied from the IBM format. * 3 bytes At 
3) 3bytes of A1 must be used in MFM. Gap III** 10 bytes FF 24 bytes 4E 
In addition, the Index Address Mark is not required for 4 bytes 00 8 bytes 00 
operation by the 279X. Gap 1, 3, and 4 lengths can be as 3 bytes A1 
short as 2 bytes for 279X operation, however PLL lock up Gap IV 16 bytes FF 16 bytes 4E 
time, motor speed variation, write splice area, etc. will add : 
more bytes to each gap to achieve proper operation. It is ee counts must be exact. | 
recommended that the IBM format be used for highest Byte counts are minimum, except exactly 3 bytes of At 
system reliability. must be written. 


ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 
Voltage to any input with 

respect toVss = +7to —0.5V 
Operating temperature = 0°C to 70°C 
Storage temperature = — 55°C to + 125°C 


NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions 
specified in the DC Electrical characteristics. 


OPERATING CHARACTERISTICS (DC) Ta = 0°C to 70°C, Vss = OV, VCC = + 5V + .25V 


CONDITIONS 


NL Input Leakage pA VIN = VCC 
lOL Output Leakage pA VouT = Voc 
VIH Input High Voltage V 

VIL Input Low Voltage V 

VOH Output High Voltage V lo = —100uA 
VOL Output Low Voltage V lo = 1.6mA 
VOHP _ Output High PUMP V lop = -—1.0mA 
VOLP Output Low PUMP V lop = +1.0mA 
Pp Power Dissipation W All Outputs Open 
Rpu Internal Pull-up* pA VIN = OV 
Icc Supply Current mA All Outputs Open 


* Internal Pull-up resistors on PINS 1, 17, 19, 22, 36, 37 and 40. Also pin 25 on 2793. 
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TIMING CHARACTERISTICS Ta = 0°C to 70°C, Vsg = OV, Vcc = +5V + .25V 


READ ENABLE TIMING 


Setup ADDR & CS to RE 


THLD Hold ADDR & CS from RE 
TRE RE Pulse Width 

TDRR DRQ Reset from RE 

TIRR INTRQ Reset from RE 
Tonacc Data Valid from RE 

TDOH Data Hold From RE 


Setup ADDR & CS to WE 
Hold ADDR & CS from WE 


TWE WE Pulse Width 

TDRR DRQ Reset from WE 

TIRR INTRQ Reset from WE 
Data Setup to WE 


Data Hold from WE 


READ ENABLE TIMING 


: 16° OR 32° uS 
| Torna 


INTRO 


NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED 
“TIME OOUBLES WHEN CLOCK © 1MHz 


t SERVICE (WORST CASE) 

‘FM 2754 

‘MFM 135 US 

ORQ RISING EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED 
DATA. 

ORQ FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ 


INTRQ RISING EOGE: OCCURS AT END OF COMMAND 
INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ 


See Note 


WRITE ENABLE TIMING 


ek SOR 32S 
[~—‘oae 


INTRO 
AO Al cs 
We Vii 
BA 
WHEN WRITING INTO TH REGISTER STATUS 
{SERVICE WORST CASE) 1S NOT VALID UNTIL SOME 28 USEC IN FM, 14 uSEC IN MFM 
Lae ace LATER THESE TIMES ARE DOUBLED WHEN CLK 1 MHz 
“ “TIME DOUBLES WHEN CLOCK = MHz 


DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY 
ORQ FALLING EDGE: INDICATES THAT THE DATA erent tS LOADED 
INTRO RISING EDGE: INDICATE THE END OF A COMM. 

INTRO FALLING EOGE: INDICATES THAT THE COMMAND REGISTER 
IS WRITTEN TO 
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INPUT DATA TIMING 


SYMBOL CHARACTERISTIC | UNITS | _ -CONDITIONS 
Tpw ‘Raw Read Pulse Width a ee nsec 
TBC Raw Read Cycle Time nsec 
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)(NO WRITE PRECOMPENSATION) 
SYMBOL | CHARACTERISTIC =—s—s§§s|_ = MIN. | TYP | MAX | UNITS | CONDITIONS 
Twp Write Data Pulse Width | 500 600 FM 
- 250 300 MFM 
TWG Write Gate to Write Data | 2 FM 
1 MFM 
TWF; Write Gate off from WD Lo 2 FM 
| 1 MFM 
MISCELLANEOUS TIMING: 
SYMBOL enanaerens nwa on CONDITIONS 
tcD, Clock Duty (low) 
tCDo Clock Duty (high) 
tSTP Step Pulse Output See Note 
toIR Dir Setup to Step + CLK ERROR 
tMR Master Reset Pulse Width . 
tip Index Pulse Width See Note 
RWP Read Window Pulse Width Input 0-5V 
MFM 
| FM + 15% 
Precomp Adjust. MFM 
WPW Write Data Pulse Width Precomp = 100 nsec 
| MFM 
WPW _ Write Data Pulse Width Precomp = 300 nsec 
MFM 
VCO Free Run Voltage Controlled Cext = 0 
Oscillator. Adjustable by ext. Cext = 35 pf 
capacitor on Pin 26 
Pump Up + 25% PU = 2.2V 
Cext = 35 pf 
yee Pump Down — 25% PD = 0.2V 
7 Cext = 35pf 
VCO 5% Change Vcc Cext = 35 pf 
TA 15°C Cext = 35 pf 
Cext Adjustable external capacitor VCO = 4.0MHz. 
nom 
RCLK Derived read clock VCO = 4.0MHz 
= VCO + 8, 16, 32 
| DDEN = 0 
5/8 = 1 
DDEN = 0 
5/8 = 0 
DDEN = 
5/8 = 
DDEN = 
5/8 = 0 
PU/DON PU/PD time on ns MFM 
(pulse width) ns FM 
fLOCK* Data Separator Capture Range kbits/sec 5/8 =0 


“The flock specification is guaranteed from 10°C to 40°C. 
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MISCELLANEOUS TIMING WRITE DATA TIMING 
a ee >| [Tw 
= jee ee oe 


“ ee pe >; <«—Twe > <—Twr 
|>— wr — | Gta al a an 


ST READ DATA TIMING 


eroie = j~«———Tac-———_»] 


=r | READ | | | | 
et oss DATA — 
oirc =VOH 


0 al ae NOTES: 
|-voe [iste |-—rsre Jo ton ef tsr6 1. Times double when clock = 1 MHz. 


| | | | | | 2. Output timing readings are at VoL = 0.8v and VOH = 
Sh eas 2.0v. 


*FROM STEP RATE TABLE 


TABLE 4. STATUS REGISTER SUMMARY 


NOT READY 
WRITE 
PROTECT 


NOT READY 
WRITE 
PROTECT 


NOT READY. 
WRITE 
PROTECT 


S5 HEAD LOADED | | 0 RECORD TYPE 0 0 
$4 SEEK ERROR RNF RNF RNF 0 
S3 CRC ERROR CRC ERROR CRC ERROR CRC ERROR 0 
$2 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 
S1 INDEX PULSE DRQ DRQ DRQ DRQ 


BUSY BUSY BUSY BUSY BUSY 


STATUS FOR TYPE | COMMANDS 


BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive is ready. 
This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 

S5 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD and HLT 
signals. 

$4 SEEK ERROR When set, the desired track was not verified. This bit is reset to O when updated. 

$3 CRC ERROR CRC encountered in ID field. 

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the 
TROO input. 

S1 INDEX — When set, indicates index mark detected from drive. This bit is an inverted copy of the IP input. 

SO BUSY When set command is in progress. When reset no command is in progress. 
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STATUS FOR TYPE I! AND III COMMANDS | 


BIT NAME 

S7 NOT READY | 

S6 WRITE PROTECT 
S5 RECORD TYPE 
S4 RECORD NOT 
FOUND (RNF) 

S3 CRC ERROR 

S2 LOST DATA 


$1 DATA REQUEST 


SO BUSY 


MEANING 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive is ready. 
This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type Ii and III Commands 
will not execute unless the drive is ready. 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write Protect. 


This bit is reset when updated. 


On Read Record: It indicates the record-type code from data field address mark. 1 = Deleted 
Data Mark. 0 = Data Mark. On any Write: Forced to a Zero. 


When set, it indicates that the desired track, sector, or side were not found. yas bit is reset when 
updated. 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data field. This 
bit is reset when updated. 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is reset to 
zero when updated. 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation or 
the DR is empty on a Write operation. This bit is reset to zero when updated. 


When set, command is under execution. When reset, no command is under execution. 


SUMMARY OF ADJUSTMENT PROCEDURE 
WRITE PRECOMPENSATION 
1) Set TEST (Pin 22) to a logic high. 


2) Strobe MR (Pin 19). 


3) Set TEST (Pin 22) toa logic low. 

4) Observe pulse width on WD (Pin 31). 

5) Adjust WPW (Pin 33) for desired pulse width vera Value). 
6) Set TEST (Pin 22) toa logic high. 


DATA SEPARATOR 


1) Set TEST (Pin 22) to a logic high. 

2) Strobe MR (Pin 19). Insure that 5/8, and DDEN are set properly. 

3) Set TEST (Pin 22) toa logic low. . 

4 Observe Puise Width on TG43 (Pin 29). 

5) Adjust RPW (Pin 18) for 1/8 of the read clock (250ns for8” DD, 500ns for 5%" DD, etc). 

6) Observe Frequency on DIRC (Pin 16)... 

7) Adjust variable capacitor on VCO pin for Data Rate (500 KHz for 8” DD, 250 KHz for 5%” DD, etc.). 
8) Set TEST (Pin 22) toa logic high. 


NOTE: To maintain internal VCO operation, insure that TEST = = 1 whenever a master reset pulse is applied. 
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VL4500A 
DYNAMIC RAM CONTROLLER 
FEATURES 


Controls operation of 
8K/16K/32K/64K dynamic RAMs 


Creates static RAM appearance 


One package contains address 
multiplexer, refresh control and 
timing control 


ann nn aml 


to 256K bytes of memory without 
external drivers 


Operates from microprocessor 

clock 

— No crystals, delay lines, or RC 
networks 

— Eliminates arbitration delays 


Refresh may be internally or 
externally initiated 


PIN DIAGRAM 


VL4500A 


e Ability to synchronize or 
interleave controller with the 
microprocessor system 
(including multiple controllers) 


e 3-state outputs allow multiport 
memory configuration 


e Performance ranges of 
150 ns/200 ns/250 ns 


e Compatible with Tl TMS 4500A 


DESCRIPTION 

The VL4500A is a monolithic DRAM 
system controller designed to 
provide address multiplexing, 
timing, control and refresh/access 
arbitration functions to simplify the 
interface of dynamic RAMs to 
microprocessor systems. 


BLOCK DIAGRAM 


The controller contains a 16-bit 
multiplexer that generates the 
address lines for the memory device 
from the 16 system address bits and 
provides the strobe signals required 
by the memory to decode the 
address. An 8-bit refresh counter 
generates the 256-row addresses 
required to refresh. 


A refresh timer is provided that 
generates the necessary timing to 
refresh the dynamic memories and 
assure data retention. 


The VL4500A also contains 
refresh/access arbitration circuitry 
to resolve conflicts between 
memory access requests and 
memory refresh cycles. 


ROW 
BOERS! ADDRESS — 
LATCH 


Part 
Number 


VL4500A-15PC 
VL4500A-15CC 


VL4500A-20PC 
VL4500A-20CC 


VL4500A-25PC 
VL4500A-25CC 


Note: 
Operating temperature range: 0°C to +70°C. 


ase 


FSO REFRESH 
RATE 
GENERATOR 


Package 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


Plastic DIP 
Ceramic DIP 


MULTIPLEXER 


Vv ae MAO-MA7 


RASO 


RAS1 
TIMING 
AND 
CONTROL 


vy }+-+—_—_—_—— CAS 


———> RDY 
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PIN DESCRIPTIONS 


RAO-RA7 
CA0-CA7 
MAO-MA7 _ 


ALE 


CLK 


REFREQ 


RASO, RAS1 
CAS 


RDY 


TWST 


FSO, FS1 


Input 
Input 
Output 


Input — | 


Input ° 


Input | 


Input 


Input 


Input/ 
Output 


Output 


Output 


Output 


Input 


Inputs 


Row Address — Used to generate the row address for the multiplexer. 
Column Address — Used to generate the column address for the multiplexer. 


Memory Address — 3-state outputs designed to drive the addresses of the 
Dynamic RAM array. 


Address Latch Enable — Used to latch the 16 address inputs, CS and REN1. This also 
initiates an access cycle if Chip Select is valid. The rising edge (LOW-to-HIGH level) of 
ALE returns RAS to HIGH. 


_ Chip Select — A LOW on this input Snape: an access cycle. The trailing edge of ALE 
_ latches the Chip Select input. 


RAS Enable 1 — Used to select one of two banks of RAM via the RASO and RAS1 
outputs when chip select is present. When LOW, RASO is selected; when HIGH, RAS1 is 
selected. . 


Access Control, Read; Access Control, Write — A LOW on either of these inputs causes 
the column address to appear on MAO-MA7 and the Column Address Strobe to pulse 


. active LOW. The rising edge of ACR or ACW terminates the cycle by ending RAS and 


CAS strobes. When ACR and ACW are both LOW, MAO-MA7, RASO, RAS1, and CAS go 


_ into a high-impedance (floating) state. 


System Clock — Provides the master timing to generate refresh cycle timings and refresh 
rate. Refresh rate is determined by the TWST, FS1, FSO inputs. 


Refresh Request — (This input should be driven by an open-collector output.) On 


_ input, a LOW-going edge initiates a refresh cycle and will cause the internal refresh timer 


to be reset on the next falling edge of the CLK. As an output, a LOW-going edge signals 


an internal refresh request and that the refresh timer will be reset on the next LOW-going 


edge of CLK. REFREQ will remain LOW until the refresh cycle is in progress and the 
current refresh address is present on MAO-MA7. (Note: REFREQ contains an internal 
pull-up resistor with a nominal resistance of 10 k.) 


Row Address Strobe — 3-state outputs used to latch the row address into the bank of 
DRAMs ‘selected by REN1. On refresh both signals are driven. 


~ Column Address Strobe — 3-state output used to latch the column address into the 


DRAM array. 


Ready — Totem-pole output used to synchronize memories that are too slow to 
guarantee microprocessor access time requirements. This output is also used to inhibit 
access cycles during refresh when in cycle-steal mode. 


Timing/Wait Strap — A HIGH on this input indicates a wait state should be added to each 
memory cycle. In addition, it is used in conjunction with FSO and FS1 to determine | 
refresh rate and timing. 


Frequency Select 0; Frequency Select 1 — Strap inputs used to select Mode and 
Frequency of operation as shown in Table 1. 
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TABLE 1: STRAP CONFIGURATION 


Clock 
Cycles 
For Each 
Refresh 


Minimum 
Clk Freq 
(MHz) 


Strap Input Modes 


Refresh 
Rate 


Refresh 
Freq (kHz) 


L External Refreq. 4 
L Clk + 31 64-95 (2) 3 
L Clk + 46 64-85 (2) 3 
L Clk + 61 64-82 (3) 4 
H 64-85 (2) 3 
H 64-80 (2) 4 
H 64-77 (2) 4 
H 64-88 (4) 4 


Notes: 

1. This strap configuration resets the Refresh Timer circuitry. 

2. Upper figure in refresh frequency is the frequency produced if the minimum CLK frequency of the next select state is used. 
3. Refresh frequency if CLK frequency is 5 MHz. 

4. Refresh frequency if CLK frequency is 8 MHz. 


FUNCTIONAL DESCRIPTION MULTIPLEXER 
VL4500A consists of six basic Upon power-up it is necessary to The multiplexer provides the 
blocks; address and select latches, provide a reset signal by driving all DRAM array with row, column, 
refresh rate generator, refresh three straps to the controller LOW and refresh addresses at the 
counter, the multiplexer, the arbiter, to initialize internal counters. A proper times. Its inputs are the 
and the timing and control block. system’s LOW-active, power-on address latches and the refresh 
reset (RESET) can be used to counter. The outputs provide up 
ADDRESS AND SELECT accomplish this by connecting it to to 16 multiplexed addresses on 
LATCHES those straps that are desired HIGH eight lines. 
The address and select latches during operation. During this reset 
allow the DRAM controller to be period, at least four clock cycles ARBITER 
used in systems that multiplex should occur. The arbiter provides two operational 
address and data on the same lines cycles; access and refresh. The 
without external latches. The row REFRESH COUNTER arbiter resolves conflicts between 
address latches are transparent, The refresh counter contains the cycle requests and cycles in 
meaning that while ALE is HIGH, address of the row to be refreshed. execution, and schedules the 
the output at MAO-MA7 follows the The counter is decremented after inhibited cycle when used in cycle- 
inputs RAO-RA7. each refresh cycle. [A LOW-to- steal mode. 
HIGH transition on TWST sets the 
REFRESH RATE GENERATOR refresh counter to FF16 (25510). | TIMING AND 
The refresh rate generator is a CONTROL BLOCK 
counter that indicates to the arbiter The timing and control block 
that it is time for a refresh cycle. The executes the operational cycle at 
counter divides the clock frequency the request of the arbiter. It provides 
according to the configuration the DRAM array with RAS and CAS 
straps as shown in Table 1. The signals. It provides the CPU with a 
counter is reset when a refresh RDY signal. It controls the 
cycle is requested or when TWST, multiplexer during all cycles. It 
FS1 and FSO are LOW. The resets the refresh rate generator and 
configuration straps allow the decrements the refresh counter 
matching of memories to the system during refresh cycles. 
access time. 
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ABSOLUTE MAXIMUM RATINGS 
Operating Ambient 


Stresses above those listed under 


above those listed on the 


Temperature Range 0°C to +70°C “Absolute Maximum Ratings” may operational sections of this 

Storage Temperature cause permanent damage to the specification is not implied and 
Range -65°C to +150°C device. These are stress ratings only. exposure to absolute maximum 
Supply Voltage Functional operation of this device rating conditions for extended 
Range, Vcc, Note 1 -1.5to+7V at these or any other conditions periods may affect device reliability. 
Input Voltage Range > 

(any input), Note 1 1.5 to+7V 

Continuous Power 

Dissipation 1.2W 


DC CHARACTERISTICS: T, =0°C to +70°C 


Symbol [Parameter ———~—————_‘| _Min | Typ(@3)| Max | Unit [Conditions 
Input HIGH 
All pins except REFREQ 
CAPACITANCE: T, = 25°C, f = 1.0 MHz 
Symbol[Parameter__——~—S~S~S~SCS~*wCMIN | Ty) | Max | Unit] Conditions 


Notes: 
1. Voltage values are with respect to the ground terminal. 


2. The algebraic convention, where the more negative limit is designated as minimum, is used in this data sheet for logic voltage levels only. 
3. All typical values are at Vcc = 5 V, Ta = 25°C except where otherwise noted. 
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AC CHARACTERISTICS: T, = 0°C to +70°C, Veco = 5 V + 10% 


VL4500A-15 VL4500A-20 VL4500A-25 
Parameter 


[max |Win | Max 
Poukcyeetine ito a 
PCLKHIGH Pusewiath | <0] +| [| +) #0 |_| 
ee ee 


Time Déiay, ALE LOW io iO 10 15 


CLK Starting LOW, Note 1 

tCL-AEL Time Delay, CLK LOW to 10 
ALE Starting LOW, Note 1 

tCL-AEH Time Delay, CLK LOW to 15 
ALE Starting HIGH, Note 2 

tav-AEL Time Delay, Address, REN1, 5 
CS Valid to ALE LOW 

taEL-AX Time Delay, ALE LOW to 10 10 
Address Not Valid 

taeL-acL | Time Delay, ALE LOW to thina) + 30 thira) + 40 thira) + 50 
ACX LOW, Notes 3, 4, 5, 6 


Hoon 5 
*AEL-CL 


taCH-CL Time Delay, ACX HIGH to 20 
CLK LOW, Notes 3, 7 


tact-cH | Time Delay, ACX LOW to 
CLK Starting HIGH (to 


remove RDY) 


trat-c. | Time Delay, REFREQLOW | 20 
to CLK Starting LOW, Note 8 


twa.) | Pulse Width, REFREQ LOW 


Notes: 

1. Coincidence of the trailing edge of CLK and the trailing edge of ALE should be avoided, as the refresh/access occurs on the trailing CLK 
edge. A trailing edge of CLK should occur during the interval from ACX HIGH to ALE LOW. 

2. If ALE rises before ACX and a refresh request is present, the falling edge of CLK after tcL-AéH will output the refresh address to MAO-MA7 
and initiate a refresh cycle. 

3. These specifications relate to system timing and do not directly reflect device performance. 

4. On the access grant cycle following refresh, the occurrence of CAS LOW depends on the relative occurrence of ALE LOW to ACX LOW. If 
ACX occurs prior to or coincident with ALE then CAS is timed from the CLK HIGH transition that causes RAS LOW. If ACX occurs 20 ns or 
more after ALE then CAS is timed from the CLK LOW transition following the CLK HIGH transition causing RAS LOW. . 

5. For maximum speed access (internal delays on both access and access grant cycles), ACX should occur prior to or coincident with ALE. 

6. thira is the dynamic memory row address hold time. ACX should follow ALE by taEL-CEL in systems where the required tha) is greater than 
tREL-MAX minimum. 

7. Minimum of 20 ns is specified to ensure arbitration will occur on falling CLK edge. tacH-ct also affects precharge time such that the 
minimum tacH-cL should be equal or greater than: twinH)-twict) + 30 ns (for cycle where ACX HIGH occurs prior to ALE HIGH) where twian) 
is the DRAM RAS precharge time. 

8. This parameter is necessary only if refresh arbitration is to occur on this falling edge of CLK (in systems where refresh is synchronized to 
external events). 
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AC CHARACTERISTICS: T, = 0°C to +70°C, Veg = 5 V + 10% 


VL4500A-15 | VL 
Symbol Parameter 


> 
=] 
=] 
> 
nN 
r—) 
< 
rr 
> 
a 
° 
S 
e 
nN 
on 


5 


re Conditions 


| Min | Max | Min | Max | Min | Max | 
itney [RASFalTime ——SsSs«d Si tw | eo] OL = 160 pF 
ee 
Memory Address Valid 
tazH-mav | Time Delay, ALE HIGH to Valid Pe ee 
Memory Address 
taeL-RYL | Time Delay, ALE to RDY Starting LOW Ce eee CL = 40 pF 
(TWST = 1 or Refresh in Progress) 
otal Sal al a a eel 
LOW, Note 9 
tAEH-REH | Time Delay, ALE HIGH to RAS Starting Loe eo Ci = 160 pF 
HIGH 
ttamav. _| Address Transition Time fs 4) eo bol | pan 
tac.-mMax | Row Address Hold from ACX LOW ie eo ee ee 
tmav-ceL | Time Delay, Memory Address Valid to oy tek ae 
CAS Starting LOW 
tice _| CAS Fall Time Ps a GL = 520 pF 
tacL-ceL | Time Delay, ACX LOW to CAS Starting 100 130 165 
| LOW, Note 9 
tACH-REH | Time Delay, ACX to RAS Starting HIGH | =| 30 {| 40 {| 50. C. = 160 pF 
tACH-CEH | Time Delay, ACX HIGH to CAS Starting © 15 
H!GH , 
tticew | CAS Rise Time a er ee ee Ci = 320 pF 
tacH-max | Column Address Hold from ACX HIGH AO) a) deed. 45 ye C. = 160 pF 
tcH-RYH | Time Delay, CLK HIGH to RDY Starting am 40 pea 45 eee 
HIGH (After ACX LOW), Note 10 
tREL-REL Time Delay, REFREQ External Until ete ee 
| _Supported by REFREQ Internal Ci = 40 pF 
tcH-RFL_ | Time Delay, CLK HIGH Until REFREQ fer ee 
Internal Starting LOW 
tcL-mav | Time Delay, CLK LOW Until Refresh ie 100 a 
Address Valid 
tcH-RRL_ | Time Delay, CLK HIGH Until Refresh (hae ae ie aad ie hae 
RAS Starting LOW 
tmaAv-RAL | Time Delay, Refresh Address Valid ee oe aa 
Unti! Refresh RAS LOW 
tcL-RFH | Time Delay, CLK LOW to REFREQ ee eee oe CL = 160 pF 
Starting HIGH (3-cycle Refresh) 
tCH-RFH | Time Delay, CLK HIGH to REFREQ Cee ee ake 
Starting HIGH (4-cycle Refresh) 
tCH-RRH | Time Delay, CLK HIGH to Refresh RAS ak Scr es ae a 
_{ Starting HIGH 
tCH-MAX Time Delay, Refresh Address Hold i Ob ae ae 
After CLK HIGH 


Notes: 

9. The falling edge of CAS occurs as soon as both taEL-cet and tacL-ceL have elapsed. If ACX goes LOW prior to (taeL-cEL) - (tacL-ceL) after 
ALE, the CAS timing is determined by taeL-ceL. Otherwise, the access time increases, and the falling edge of CAS is measured from the 
falling edge of ACX instead of ALE (tacL-cet determines CAS timing). 

10. RDY returns HIGH on the rising edge of CLK. If TWST = 0, then on an access grant cycle RDY goes HIGH on the same edge that causes 
access RAS LOW. If TWST = 1, then RDY goes to the HIGH level on the first rising CLK edge after ACX goes LOW on access cycles and on 
the next rising edge after the edge that causes access RAS LOW on access grant cycles (assuming ACX LOW). 
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AC CHARACTERISTICS: T, = 0°C to +70°C, Veco = 5 V+ 10% 


Parameter Conditions 


Time Delay, CLK HIGH Until Access RAS 70 
Starting LOW 


tCH-REL 


Time Delay, CLK LOW to Access CAS 
Starting LOW, Note 11 


Row Address Hold After CLK LOW 
twiact, | ACX LOW Width, Note 12 
tREL-mMax | Row Address Hold From RAS LOW 
ttiryL) RDY Fall Time 

ttiRYH) RDY Rise Time 


tCL-CEL Ci = 160 pF 


tCL-MAX 


—_ 
O;nNn|i = 
ao}oO}oO 
NO tT — 
on] an 
oo 
G 
© 
i 
I 
BSN 
oO 
U 
mT 


tdis Output Disable Time (3-state Outputs) 
taEH-MAX | Column Address Hold From ALE HIGH 
ten Output Enable Time (3-state Outputs) 


— 
4 
nn 


heen 
CL = 160 pF 


tcav-ceL | Column Address Setup to CAS After 
Refresh 


tCH-CEL | Time Delay, CLK HIGH to Access 
CAS Starting LOW, Note 11 


tact-cL | ACX LOW to CLK Starting LOW, Note 13 
tacL-RYH | ACX LOW to RDY Starting HIGH, Note 13 
tcL-AcL | CLK LOW to ACX Starting LOW, Note 13 


Notes: 

11. On the access grant cycle following refresh, the occurrence of CAS LOW depends on the relative occurrence of ALE LOW to ACX LOW. 
If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK HIGH transition that causes RAS LOW. If ACX occurs 20 
ns or more after ALE then CAS is timed from the CLK LOW transition following the CLK HIGH transition causing RAS LOW. 

12. The specification of tw (ACL) is designed to allow a CAS pulse. This assures normal operation of the device in testing and system 
operation. 

13. For RDY HIGH transition (during normal access) to be timed from the rising edge of CLK, ACX must occur tcL-act after the falling edge 
of CLK. For ACX prior to the falling edge of CLK by tact-ct, the RDY HIGH transition will be tacL-RYH. Note that tact-ct is a limiting 
parameter for control of RDY to be dependent on ACX LOW. During the interval for tacL-cL < MINIMUM to tcL-acL > MINIMUM, the 
control of RDY may vary between the rising clock edge or falling edge of ACX. 


Ne) Ny]. 
on ro) o1 
uo 
w 
s. 
on 


maak 
ef 


LOAD CIRCUIT AC TESTING INPUT, OUTPUT WAVEFORM 


Vec 


Ri = 1150 0 TEST POINTS 


OUTPUT 
UNDER TEST INPUT OUTPUT 
2400 1) Cy = 160 pF* 
AC testing inputs are driven at 3.0 V for a logic “1” and 
= 0.0 V for a logic “O”. Timing measurements are made at 

2.2 V for a logic “1” and 0.6 V for a logic “O” at the 
outputs. The inputs are measured at 2.4 V for a logic “1” 

*C. INCLUDES JIG CAPACITANCE and 0.8 V for a logic “OQ”. 
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TIMING DIAGRAMS 
ACCESS CYCLE TIMING 


tec) 
twiCH) 


a /— ANN 


tCL-AEL 
tw( AEH) ——> 


ee CL 
taeEL-ax 
ROW RENT 


sow ae" XX KX XK oR SNM XXX eo COREA 


| 


Lt twacty 
tacL-CH tACH-CL 
‘ 
mm | AAAAAAAAAAAAAS WILLLLLLL 
- tt(REL) t(REH) 
tAEL-REL taCH-REH 
tAEH-REH 
RAS 
Ely MAV 
tAEH-MAV tACL-MAX rere MAX 
V/V KX ) YY WY ae = \/ \/ XX 
MAO-M XXX @ XXX /\ A /\ XN ( ROW ADDRESS > XX (| COLUMN ADDRESS > @ XXX xy 
tt(CEH) 
t(mav) tReL. MAX t(CEL) tacH-CEH 
CAS 
taeL-ryL incon tcH-RYH 
tyryL) —> tRYH) 
— taEL-CEL 

REFRESH REQUEST TIMING 

CLK 

tRQL-CL 
REFREO <— 1CH-RFL 
(EXTERNAL) 
tw(RQL) 
tReL-REL-———> 

REFREQ 
(INTERNAL) 
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TIMING DIAGRAMS (Cont.) 
OUTPUT 3-STATE TIMING 


ACR(ACW) 


OUTPUTS 


XXXKKKXXX 


REFRESH CYCLE TIMING (3-CYCLE) 


: =a eon 
REFREQ 
— ter-mav sl — ter-max! 


MAO-MA7 cd REFRESH ADDRESS ) ROW ADDRESS » ( 


OOK) 


tCAV-CEL a 


RAS 
~<-——— twav-RARL —— 


CAS 


-——_-——— tcn-cert 


REFRESH CYCLE TIMING (4-CYCLE) 


- 4 1 
REFREQ 
ee ni noel Laie 
MAO-MA7 - REFRESH ADDRESS La ROW ADDRESS r4 


= a 


tMAV-RRL 


CAS ton-cert 


*The voltage levels (on a RAS or CAS pin) used for testing tpis and ten are at 10% and 90% of the VoH-VoL range for that pin. 
tOn the access grant cycle following refresh, the occurrence of CAS LOW depends on the relative occurrence of ALE LOW to ACX LOW. If 


ACX occurs prior to or coincident with ALE then CAS is timed from the CLK HIGH transition that causes RAS LOW. If ACX occurs 20 ns or 
more after ALE then CAS is timed from the CLK LOW transition following the CLK HIGH transition causing RAS LOW. 
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TIMING DIAGRAMS (Cont.) 
TYPICAL ACCESS/REFRESH/ACCESS CYCLE (3-CYCLE, TWST = 0) 


CLK 


ALE 


CAS 


REFREQ 


RDY 


ACCESS 
2 3 


1 


“UM 
Eel 


TYPICAL ACCESS/REFRESH/ACCESS CYCLE (4-CYCLE, TWST = 0) 


REFREQ 


RDY 


ACCESS 


NNR 
(sean ela 


COLUMN (| 


REFRESH/ACCESS GRANT 
2 


REFRESH/ACCESS GRANT 


Ww 


-| REFRESH 


WwW 


2 


ACCESS 


2 


EERE 
Sy 


COLUMN 
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TIMING DIAGRAMS (Cont.) 
TYPICAL ACCESS/REFRESH/ACCESS CYCLE (3-CYCLE, TWST = 1) 


ACCESS REFRESH/ACCESS GRANT 
2 Ww W1 


1 Ww 
CLK 
ALE 
ACX 


TYPICAL ACCESS/REFRESH/ACCESS CYCLE (4-CYCLE, TWST = 1) 


ACCESS 
2 


= Sp 


Wil vi4500a 


READY (RDY) SIGNAL TIMING (WAIT STATE OPERATION, TWST = 1) 


ALE 


tAEL-RYL tACL-RYH 


tact-cr 


RDY 
RDY starting HIGH is timed from ACX LOW (tacL-rRyYH) for the condition ACX going LOW while CLK HIGH. 


CLK 


ALE teL-acL 


{CH-RYH 
ACX 


RDY starting HIGH is timed from CLK HIGH (tcH-RYH) for the condition ACX going LOW while CLK LOW. 
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TYPICAL APPLICATIONS 


68000 CPU TO VL4500A 128K x 16 MEMORY INTERFACE 


MC68000 
CLK 


VL4500A 


> 
ni 
> 
vs) 


ALE 


nso ay = 1 


ACW 


> ro) 
= rc 
@ x 
q, 
re) 
x 


REN1 
cs 
RAO-RA7 
CA0-CA7 


CAS RASO RAS1 MAO-MA7 


eee 


5 


A1-A16 


! 


EE 


DO0-D7 


4164 (8) 


8085A CPU INTERFACE TO VL4500A CONTROLLER 


UNUSED INPUTS 8000-BFFF py CO00-FFFFy 


8085A 


CONFIGURATION 
STRAPS 


“See section 5.1, p. 12. 
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VL4502 


DYNAMIC RAM CONTROLLER 


FEATURES 
¢ Inputs are TTL voltage compatible 


¢ Controls operation of 64K and 
256K dynamic RAMs 


Creates static RAM appearance 


One package contains address 
multiplexer, refresh control and 
timing control 


Directly addresses and drives up to 
2 megabytes of memory without 
external drivers 


Operates from microprocessor 

clock 

~—-No crystals, delay lines, or RC 
networks 

——Eliminates arbitration delays 


¢ Refresh may be internally or 
externally initiated 


PIN DIAGRAMS 


VL4502 DIP 


[31] REFREG 
130] TWST 

| 29} FSO 

| 28] FS1 
RA7 

| 26] CA7 
125] MA7 


¢ High performance CMOS 
technology 


Strap-selected wait state 
generation for microprocessor/ 
memory speed matching 


Ability to synchronize or interleave 
controller with the microprocessor 
m linanliici 


system (including muttinle 


controllers) 


e 3-state outputs allow multiport 
memory configuration 

e Performance ranges of 
150 ns/200 ns 

e Compatible with VLSI VL4500A 
and Tl TMS4500A, THCT4502 


DESCRIPTION 

The VL4502 is a monolithic DRAM 
system controller providing address 
multiplexing, timing, control and 
refresh/access arbitration functions 
to simplify the interface of dynamic 
RAMs to microprocessor systems. 


The controller contains an 18-bit 
multiplexer that generates the 
address lines for the memory device 
from the 18 system address bits and 
provides the strobe signals required 
by the memory to decode the 
address. A 9-bit refresh counter 
generates up to 512 row addresses 
required to refresh. 


A refresh timer is provided that 
generates the necessary timing to 
refresh the dynamic memories and 
assure data retention. 


VL4502 


ORDER INFORMATION 


Part Access 
Time 


Number 
150 ns 


VL4502-15PC 
VL4502-15CC 
VL4502-15QC 


VL4502-20PC 
VL4502-20CC 
VL4502-20QC 


Note: 
Operating temperature range: 0°C to +70°C. 


4-69 


Package 


Plastic DIP 
Ceramic DIP 
Plastic Leaded Chip Carrier (PLCC) 


Plastic DIP 
Ceramic DIP 
Plastic Leaded Chip Carrier (PLCC) 


a 
es 
ee ned 
race oa 


B VL4502 


BLOCK DIAGRAM 


RAO-RAS 


MULTIPLEXER 
; COLUMN 


cao-cas [____ appRess[ v[—____ > mao-mas 
| LATCH 


awe REFRESH 
ALE COUNTER es | 
| RASO 
ee 
L H Baal 
REN2 ——-—___—+ Ans! 
ACR ——_________—_ — ees 
ACW RAS2 
eer senes TIMING 
REFREQ <———— : AND. V RASS 
ARBITER |__| CONTROL 
O << CASO 
TWST CAS1 
REFRESH 
ies RATE 
FS1 GENERATOR RDY 
RESET* 
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PIN DESCRIPTIONS 


Pin 
Pin Number, 
Name Note 1 
RAO—RA8 __— 3,8,9, 15, 
18, 21, 22, 
27, 32 
CAO—CA8 = 4, 7, 10, 
14, 17, 20, 
23, 26, 33 
MAO—MA8 _ 5,6, 11, 
13, 16, 19, 
24, 25, 34 
ALE 45 
cs 44 


REN1, REN2 43, 36 


ACR, ACW 48, 1 


CLK 41 


REFREQ 31 


RASO, RAS1 46, 47 
RAS2, RAS3 39, 40 


CASO, CAS1 2, 38 


RDY 42 
TWST 30 
FSO, FS1 29, 28 
RESET (PLCC 

only) 
Note: 


VL4502 


Description 
Row Address—These address inputs are used to generate the row address for the multiplexer. 


Column Address—These address inputs are used to generate the column address for the 
multiplexer. 
tty 


Memory Address—These three-state outputs are designed to drive the addresses of the 
Dynamic RAM array. 


Address Latch Enable—This input is used to latch the 18 address inputs, CS and REN1 and 
REN2. This also initiates an access cycle if chip select is valid. The rising edge (LOW level to 
HIGH level) of ALE returns RAS to the HIGH level. 


Chip Select—A LOW on this input enables an access cycle. The trailing edge of ALE latches the 
chip select input. 


RAS Enable 1 and 2—These inputs are used to select one of four banks of RAM. When REN2 is 
LOW, the lower banks are enabled via CASO, RASO, and RAS1. When REN2 is HIGH, the higher 
banks are enabled via CAS1, RAS2, and RAS3. REN1 selects RASO, RAS2 or RAS1, RAS3 
when chip select is present. | 


Access Control, Read; Access Control, Write—A LOW on either of these inputs causes the col- 
umn addresses to appear on MAO—MA8 and the column address strobe. The rising edge of ACR 
or ACW terminates the cycle by ending RAS and CAS strobes. When ACR and ACW are both 
LOW, MAO-MA8, RASO, RAS1, RAS2, RAS3, CASO, and CAS1 go into a HIGH impedance 
(floating) state. 


System Clock—This input provides the master timing to generate refresh cycle timings and 
refresh rate. Refresh rate is determined by the TWST, FS1, FSO inputs. 


Refresh Request—(This input is driven by an open-collector output.) On input, a LOW-going edge 
initiates a refresh cycle and will cause the internal refresh timer to be reset on the next falling 
edge of the CLK. As an output, a LOW-going edge signals an internal refresh request and that 

the refresh timer will be reset on the next LOW-going edge of CLK. REFREQ will remain LOW 
until the refresh cycle is in progress and the current refresh address is present on MAOQ—MAS8. 
(Note: REFREQ contains an internal pull-up resistor with a nominal resistance of 10 kilohms.) 


Row Address Strobe—These three-state outputs are used to latch the row address into the bank 
of DRAMs selected by REN1 and REN2. On refresh, all RAS signals are active. 


Column Address Strobe—these three-state outputs are used to latch the column address into 
the DRAM array. 


Ready—This totem-pole output synchronizes memories that are too slow to guarantee 
microprocessor access time requirements. This output is also used to inhibit access cycles 
during refresh when in cycle-steal mode. 


Timing/Wait Strap—A HIGH on this input indicates a wait state should be added to each 
memory cycle. In addition it is used in conjunction with FSO and FS1 to determine refresh 


rate and timing. 


Frequency Select 0; Frequency Select 1—These are strap inputs to select Mode and Frequency 
of operation as shown in Table 1. 


RESET—Active LOW input to initialize the controller asynchronously. Refresh Address is set to 
1FFH, internal refresh requests, synchronizer, and frequency divider are cleared. This input is 
driven by an open collector driver. 


RESET contains an internal pull-up with a nominal resistance of 100 KQ. This allows the pin to be 
left open, if desired. 


1. Pin numbers are for dual in-line package only. 
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TABLE 1: STRAP CONFIGURATION 


Strap Input Modes, Note 1 


TWST rere 
b- = L ~L(8) 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H oH 


Memory 


Access 
Wait Refresh 
States 


External 
External 
Clk +61 
Cilk+91 


Clk +61 
Cik +91 
Clk + 106 
Cik +121 


ate si | OOOO 


TABLE 2: OUTPUT STROBE SELECTION 


Control Input. 
REN2 | REN1 | RASO | RASi 
en Ee a 
a ae i ae 
ee ek a eee el 
a ae ee ee Se 
haat 


Selected Output 


| RAS2 | RASS | CASO | CASI 
ne eS ee Se 
leer Receee OE ae 
ee ee eee ie 
oer es ce Perea ee: 


Rate, Note 2 


Refresh 
Clock 
Cycles 


4 


AAR®W] R@OO 


. Ifthe strap configuration is changed, the device should be reset in order to insure 2 normal refresh operation. 
Hi The maximum refresh rate is a function of the applicable maximum clock frequency see AC Characteristics). 
3. This strap configuration resets the ees timer circuitry. 


FUNCTIONAL DESCRIPTION 
VL4502 consists of six basic blocks; 
address and select latches, refresh 
rate generator, refresh counter, the 
multiplexer, the arbiter, and the tim- 
ing and control block. 


ADDRESS AND SELECT 
LATCHES 

The address and select latches allow 
the DRAM controller to be used in 
systems that multiplex address and 
data on the same lines without exter- 
nal latches. The row address latches 
are transparent, meaning that while 
ALE is HIGH, the output at MAO—MA8 
follows the inputs RAO—RAS&. : 


REFRESH RATE GENERATOR 
The refresh rate generator is a 
counter that indicates to the arbiter 
that it is time for a refresh cycle. The 
counter divides the clock frequency 
according to the configuration straps 
as shown in Table 1. The counter is 
reset when a refresh cycle is re- 
quested or when TWST, FS1 and FSO 
are LOW. The configuration straps al- 
low the matching of memories to the 
system access time. Upon Power-Up, 
a reset may be accomplished by | 


driving all three strap inputs LOW, or 
by driving RESET LOW. During this 
reset period, at least four clock cycles 
should occur. (See RESET, below.) 


REFRESH COUNTER | 

The refresh counter contains the ad- 
dress of the row to be refreshed. The 
counter is decremented after each 
refresh cycle. (A LOW-to-HIGH tran- 
sition on TWST sets the refresh 
counter to 1F F476 (51140). 


MULTIPLEXER 

The multiplexer provides the DRAM 
array with row, column, and refresh 
addresses at the proper times. Its 
inputs are the address latches and 
the refresh counter. The outputs pro- 
vide up to 18 multiplexed addresses 
on nine lines. 


STATIC OPERATION 

The VL4502 is designed for static op- 
eration. As a result, the user can use 
a CLK frequency as low as needed, 
as long as maximum transition times 
are not exceeded. As the CLK rate is 
changed, the refresh rate will change 
accordingly, in keeping with the fre- 
quency-divider specifications above. 
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ARBITER | 

The arbiter provides two operational 
cycles; access and refresh. The arbi- 
ter resolves conflicts between cycle 
requests and cycles in execution, and 
schedules the inhibited cycle when 
used in cycle-steal mode. 


TIMING AND CONTROL 
BLOCK 

The timing and control block executes 
the operational cycle at the request 
of the arbiter. It provides the DRAM 
array with RAS and CAS signals. It 
provides the CPU with a RDY signal. 
It controls the multiplexer during all 
cycles. It resets the refresh rate gen- 
erator and decrements the refresh 
counter during refresh cycles. 


RESET 

The VL4502 is reset by bringing the 
timing straps TWST, FS1, and FSO 
LOW. The refresh address is set to 
1FF, internal refresh requests are 
synchronized, and the frequency 
divider is cleared. This reset can 
occur asynchronously with respect 
to CLK and control signals. In the 
PLCC package, the VL4502 can 

be reset with the RESET signal. In 
either case, at least four clock cycles 
should occur during the reset period. 


VL4502 


ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature Stresses above those listed under conditions above those indicated on 
Under Bias —10°C to +80°C “Absolute Maximum Ratings” may the operational sections of this 
Storage Temperature cause permanent damage to the specification is not implied and 
Range — 65°C to + 140°C device. These are stress ratings exposure to absolute maximum 
Supply Voltage only. Functional operation of this rating conditions for extended 
Range, VCC, Note 1 —0.5to +7.0V device at these or any other periods may affect device reliability. 


Input Voltage Range 
(any input), Note1 —0.5to +7.0V 
Continuous Power 


Dissipation Tew 

DC CHARACTERISTICS: Ta = 0°C to +70°C, VCC = 5V + 10% 

Symbol [Parameter SSS~S~*wdCSw | Conaltions 
VIH Input HIGH Voltage 

VIL (except REFREQ) | Input LOW Voltage VSS -0.5 


oO = 
.~ DN) 


2 
ro) 


VIL (REFREQ) Input LOW Voitage - 
: MAO Ne BS: IOH= -1mA VCC = 4.5V 

VOH Output HIGH Voltage | RASX, CASX 

REFREQ IOH = -100npA VCC =4.5V 
VOL OutputLOWVoltage{ OL = 4mA VCC = 4.5V 

REFREQ 
lH Input HIGH Current VI= 5.5 V 

All Others | 10 | 


| 
ok 
Oo 


< 
” 
m{ pyr | O 
BIN 
Oo} 
oO 


REFREQ, RESET 
HL Input LOW Current 
Ail others 


lOz +50 VO =0to04.5V VCC =5.5V 
CC TAO -VOG=55V 


ICC VS CLOCK FREQUENCY Ba CL = 360 pF CASO, CAST, MAO-MA8 
VS LOAD V pried cas 
180 pF RASO,-RAS3 


012 3 4 5 67 8 9 10 
tCLK (MHz) 


Notes: 

1. Voltage values are with respect to the ground terminal. | 
2. The algebraic convention, where the more negative limit is designated as minimum, is used in this data sheet for logic voltage levels only. 
3. All typical values are at VCC = 5 V, TA = 25°C except where otherwise noted. _ 

4. Refer to Graph 1 for AC Power Consumption Guarantee. In testing, all inputs except CLK are held LOW. 


4-73 


Vila vi4502 


AC CHARACTERISTICS: Ta = o°cto +70°C, vec = 


Symbol 
tC(C) 
tW(CH) 
tW(CL) 
tt 
tAEL-CL 


tCL-AEL 
tCL-AEH 


{W(AEH) 
tAV-AEL 


tAEL-AX 


tAEL-ACL. 


tACH-CL 


tACL-CH 


tRQL-CL | 


tW(RQL) 


Notes: 


Parameter 


CLK Cycle Time 

CLK HIGH Pulse Width  — 
CLK LOW Pulse Width 
Transition Time, All Inputs 


Time Delay, ALELOWto 
CLK Starting LOW, Note 1 


Time Delay, CLK LOW to 
ALE Starting LOW, Note 1 


Time Delay, CLK LOW to 
ALE Starting HIGH, Note 1 : 


Pulse Width ALE HIGH 


Time Delay, Address, RENy 9 
GS Valid to ALE LOW 


Time Delay, ALE LOW to 
Address Not Valid 


Time Delay, ALE LOW to 
ACX LOW, Notes 3, 4, 5,6 


Time Delay, ACX HIGH to 
CLK LOW, Notes 3, 7 


Time Delay, ACX LOW to . 
-CLK Starting HIGH (to — 
remove RDY) 


Time Delay, REFREQ LOW 
to CLK Starting LOW, Note 8 


Input Pulse Width, REFREQ LOW 


5V + 10% 


VL4502-15 


el Sanaa 
ear es eS 
—[ 
a ae 
ef 
ae ee 
ef 
wm fb 
se | 


VL4502-20 


10 
3 
1 
2 

th(RA) + 40 

2 
4 
3 


0 +. 
5 
10 

0 
a 
10 
10 

0 

0 

5 
20 


c 
= 
- 


Ss 
” 


1. Coincidence of the trailing edge of CLK and the trailing edge of ALE should be avoided as the refresh/access occurs during the interval from 
ACX HIGH to ALE LOW. 


2. If ALE rises before ACX and a refresh request is present, the falling edge of CLK after tCL-AEH will output the refresh address to MAO—MA8 


and initiate a refresh cycle. 
. These specifications relate to system timing and do not directly reflect device performance. 
4. On the access grant cycle following refresh, the occurrence of CAS LOW depends on the relative occurrence of ALE LOW to ACX LOW. 


io) 


if ACX occurs prior to or coincident with ALE then CAS is timed from the CLK HIGH transition that causes RAS LOW. If ACX occurs 20 ns or 
more after ALE then CAS is timed from the CLK LOW transition following the CLK HIGH transition causing RAS LOW. 


an 


. For maximum speed access (internal delays on both access and access grant cycles), ACX should occur prior to or coincident with ALE. 
. th(RA) is the dynamic memory row address hold time. ACX should follow ALE by tAEL-CEL in systems where the required th(RA) is greater 
than tREL-MAX minimum. 


7. Minimum of 20 ns is specified to ensure arbitration will occur on falling CLK edge. tACH-CL also affects precharge time such that the 
minimum tACH-CL should be equal or greater than: tW(RH) —tW(CL) + 30 ns (for cycle where ACX HIGH occurs prior to ALE HIGH) where 


tW(RH) is the DRAM RAS precharge time. 


8. This parameter is necessary only if refresh arbitration is to occur on this LOW-going CLK edge (in systems where refresh is synchronized to 
external events). 
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AC CHARACTERISTICS: Ta = 0°C to + 70°C, VCC = 5V + 10% 


"ae 


VL4502-15 VL4502-20 


symbol [win [Max 
tAEL-REL Time Delay, ALE LOW to RAS Starting LOW ee see eee 
iREL) | _RASFallTime (Esai! i 
tRAV-MAV Time Delay, Row Address Valid to Memory 50 
Address Valid 
tAEH-MAV Time Delay, ALE HIGH to Valid 70 
Memory Address 
tAEL-AYL Tine Delay, ALE io RDY Starting LOW 25 25 
(TWST = 1 or Refresh in Progress) 
(AEL-CEL | Time Delay, ALELOWtoGAS Starting LOW | 60 | 160 -| 70 | 200 _| 
tAEH-REH | Time Delay, ALEHIGHto RAS StartingHIGH | si 35 pees Bae ee 
(ACL-MAX | Row Address Hold from ACK LOW ee ee ea 
tMAV-CEL Time Delay, Memory Address Valid to CAS 
Starting LOW 
WGEL)__|_CAS Fall Time ee en ed 
(ACL-CEL | Time Delay, ACKLOWtoGASStartingtow | 60 +| 90 ~+| 65 —~+«Y|~—~—st30— 
\ACH-REH | Time Delay, ACKtoRASStartingHIGH | _—=—~—Ss«dY SCT SSSC~idSC*~‘“C~« OC* 
W(REH) | RAS Rise Time bo ee ee 
\ACH-CEH | Time Delay, ACKHIGHto GAS StartingHiGH | ____5 | a6 | 10 ~~+| 40] ns 
W(GEH) __|_CASRise Time ot oe 
tACH-MAX | Column Address Hold from ACX HIGH a Pe ca a 
tCH-RYH Time Delay, CLK HIGH to RDY Starting 35 45 
. . HIGH (After ACX LOW), Note 9 
tRFL-RFL Time Delay, REFREQ External Until D5 30 
| Supported by REFREQ Internal 
tCH-RFL Time Delay, CLK HIGH Until REFREQ 30 35 
Internal Starting LOW 
tCL-MAV Time Delay, CLK LOW Until Refresh 75 100 
Address Valid 
tCH-RRL Time Delay, CLK HIGH Until Refresh 10 50 15 
RAS Starting LOW 
tMAV-RRL Time Delay, Refresh Address Valid 
Until Refresh RAS LOW 
tCL-RFH Time Delay, CLK LOW to REFREQ Starting 50 . 55 
HIGH (3 Cycle Refresh) 
tCH-RFH Time Delay, CLK HIGH to REFREQ Starting 45 55 
HIGH (4 Cycle Refresh) 
tCH-RRH Time Delay, CLK HIGH to Refresh RAS 
tCH-MAX Time Delay, Refresh Address Hold 15 20 
After CLK HIGH 
Note: 


9. RDY returns HIGH on the rising edge of CLK. If TWST = 0, then on an access grant cycle RDY goes HIGH on the same edge that causes 
access RAS LOW. If TWST = 1, then RDY goes to the HIGH level on the first rising CLK edge after ACX goes LOW on access cycles and on 
the next rising edge after the edge that causes access RAS LOW on access grant cycles (assuming ACX LOW). 
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AC CHARACTERISTICS: Ta = 0°c to +70°C, VEC = 5V + 10% 


mor 7: VL4502-15 VL4502-20 
symbol__| Parameter Wax [Min Unit 


a 
io) 


tCH-REL Time Delay, CLK HIGH Until Access RAS 
Starting LOW © 

tCL-CEL Time Delay, CLK LOW to Access CAS 425 140 
Starting LOW, Note 10 


tCL-MAX _ Row Address Hold After CLK LOW | 

(REL-MAX 
(RYE) 
(RYH) 


tCAV-CEL Column Address arr to CAS Nee 
Refresh 
tCH-CEL Time Delay, CLK HIGH to Access 1 40 
CAS Starting LOW, Note 9 | : | 
t RESET Power Up RESET Four (4) Clock Cycles 


Notes: 

10. On the access grant sel following refresh, the occurrence of CAS LOW depends on the relative occurrrence of ALE LOW to ACX LOW. If 
ACX occurs prior to or coincident with ALE then CAS is timed from the CLK LOW transition that causes RAS LC LOW. If ACX occurs 20 ns or 
more after ALE then CAS is timed from the CLK LOW transition following the mess HIGH transition causing RAS LOW. 


a 
nN 
(=) 


ns 


oO1n 

a 
—_, 
Oo 


OUTPUT LOAD CONDITIONS: vec = 5.0 Vv AC TESTING INPUT, OUTPUT WAVEFORM 
vcc vcc 
900 
TEST POINTS 
RASO-RAS3 RDY 
180 pF 720 ii 40 pF INPUT | -  QUTPUT 
= = = = AC TESTING INPUTS ARE DRIVEN AT 3.0 V FOR A LOGIC “1” AND 0.0 V 
FOR A LOGIC “0”. TIMING MEASUREMENTS ARE MADE AT 2.4 V FOR A 
vec vcc LOGIC “1” AND 0.8 V FOR A LOGIC “0” AT THE OUTPUTS. 
1020 930 
CASO, CASI REFREQ 
a0 T 360 pF 1020 40 pF 
vcc 
900 
MAO-MA8 
720 360 pF 
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TIMING DIAGRAMS 


ACCESS CYCLE TIMING 
tec) 
<+—— twice) 
= \AAN 
tcL-aeL twice) ‘ 
twiacH) —>) —> tr —> Pa —— | FCL-AEH 


wan pects _ 
ERI XLRI ERIK 


- AN LLLLITIT) 


tt(REH) 


tRAV-MAV +o (AEH-MAX —> 
taEH-MAV tacl-MAx = lesa (na tacH-MAX 
moans XK [nowaooness]| KKM | cotumeanonsss | KX XKKAXRAK 


tMAV-CEL rae (CEH) 
ttimav) <—— tREL-MAX ——P| i+ — ltycer) taCH-CEH 
CAS 
TAEL-RYL ~-}#---- - (CH-RYH 
ROY 
——>| + ture) ie tRYH) 
ol Sa CEL 
REFRESH REQUEST TIMING 
CLK 
trat-ct 
REFREQ — tCH-RFL 
(EXTERNAL) 
tw(RQL) 
taet-Re.——_—_____ 
 REFREG 
(INTERNAL) 
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¥ @e VL4502 
TIMING DIAGRAMS (Cont.) 
OUTPUT 3-STATE TIMING 


ACR(ACW) 


<«——_—--— tjg ---- - - | ten ——> 


XRKK KKK KK KRKER RX KKXKKES 


OUTPUTS 


REFRESH CYCLE TIMING (3-CYCLE) 


CLK 


REFREQ 
<—>|— tormav —»i— tor-max! 
MAg-MAg s REFRESH ADDRESS i) ROW ADDRESS | D ( 


<+—>|— tcav-ceL 
RAS 
<+-——— twav-raL ——> 
CAS 


<t——--———— tcon.cect 


REFRESH CYCLE TIMING (4-CYCLE) 


_ UY Ss 
REFREQ 
Jt seco all Ral 


(| REFRESH ADDRESS ) ROW ADDRESS hoa ( 


tMavV-RAL 


CAS ten-ceu! 


ON THE ACCESS GRANT CYCLE FOLLOWING REFRESH, THE OCCURRENCE OF CAS LOW 
DEPENDS ON THE RELATIVE OCCURRENCE OF ALE LOW TO ACX LOW. IF ACX OCCURS 
PRIOR TO OR COINCIDENT WITH ALE THEN CAS IS TIMED FROM THE CLK HIGH 
TRANSITION THAT CAUSES RAS LOW. IF ACX OCCURS 20 NS OR MORE AFTER ALE THEN 
CAS IS TIMED FROM THE CLK LOW TRANSITION FOLLOWING THE CLK HIGH TRANSITION 
CAUSING RAS LOW. 
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TIMING DIAGRAMS (Cont.) 
TYPICAL ACCESS/REFRESH/ACCESS CYCLE (3-CYCLE, TWST = 0) 


RAS 


CAS 


REFREQ 


ACCESS REFRESH/ACCESS GRANT ACCESS 
1 2 3 1 1 We 2 3 1 2 1 2 
if ierdecel 
Xm) DEKE hones he (XaX me 
NANA 
\ \ ) 
TYPICAL ACCESS/REFRESH/ACCESS CYCLE (4-CYCLE, TWST = 0) 
ACCESS REFRESH/ACCESS GRANT 
1 2 3 4 1 WwW Ww Ww 2 3 4 1 2 


REFREQ 


RDY 


AAA 
a ae 


| 
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Vila vi4502 
bh pelea ee 


ACCESS 


er 


<ae = =506 SEC NOCE 
a of 
SSeS 


ESS/REFRESH/ACCESS CYCLE (4-CYCLE, TWST = 1) 


ACCESS & &}&=}»>©| REFRESH/ACCESS GRANT 


aes Bee 
= ~ WSR 


READY (RDY) SIGNAL TIMING (WAIT STATE OPERATION, TWST = 1) 


RDY starting HIGH is timed from CLK HIGH (tcH-RYH) 
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VL6522-VL65C22 


PARALLEL INTERFACE/TIMER 


FEATURES 
+ Low power consuming CMOS Parallel! 
Interface/Timer (VL65C22) 


* Lowcost HMOS Parallel 
Interface/Timer (VL6522) 


¢ Two 8-bit bidirectional I/O ports 

* Two 16-bit timer/counters 

+ Serial bidirectiona! nerinheral VO 
port 

¢ Enhanced handshake features 


¢ Programmable data direction 
registers 


¢ TTL-compatible I/O peripheral lines 


PIN DIAGRAM 


VL6522 
VL65C22 
GND 1 CA1 
PAO CA2 
PA1 RSO 
PA2 RS1 
PA3 RS2 
PA4 RS3 
PAS | RES 
PAG | Do 
PA7 D1 
PBO D2 
PB1 D3 
PB2 D4 
PB3 D5 
PB4 D6 
PB5 D7 
PBG6 G2 
PB7 cs1 
CB1 cs2 
CB2 RW 
vcc iRQ 


DESCRIPTION 

The VL6522/VL65C22 are flexible VO 
devices for use with the 65XX family of 
processors. The VL65C22 is a CMOS 
implementation of the VL6522 device. 
Both include functions for programmed 
control of up to two peripheral devices 
(ports A and B). Two program-controlled 
8-bit bidirectional peripheral I/O ports 
allow direct interfacing between the 
microprocessor and selected peripheral 
devices. Two programmable Data 
Direction Registers (A and B) allow 
selection of data direction (input versus 


BLOCK DIAGRAM 


INTERRUPT 
CONTROL 


FLAGS 
er ee 
ENABLE 
(ER) 


DATA 
BUS 


FUNCTION 
CONTROL 


PERIPHERAL 


(PCB) _. 
AUXILIARY 
(ACR) 


TIMER 1 
LATCH LATCH 
(TIL) 6} (TALL) 

COUNTER TCOUNTER 

(T1C H) (TICL) 


TIMER 2 
LATCH 
(T2t L) 
COUNTER ‘COUNTER’ 
(Tech) | (rect) 


ORDER INFORMATION 


output) on an individual line-by-line 
basis. Also provided are two 
programmable 16-bit counter/timers with 
latches. Timer 1 may be operated ina 
one-shot interrupt mode with interrupts 
on each count-to-zero, or in a free- 
running mode with a series of evenly 
spaced interrupts. Timer 2 functions 
both as an interval and pulse counter. 
Seriai data transfers are provided by a 
shift register. Application versatility is 
further increased by various control 
registers, including an interrupt flag 
register, an interrupt enable register, 
and two function control registers. 


PORTA 
REGISTERS 


CA2 
HANDSHAKE 
CONTROL 
a ieee oa 
b » CB2 


PORT B 
REGISTERS 


it BUFFER |“, 
: > is er 


Part Clock 
Number Technology Frequency Package 


VL6522-01PC 
VL6522-01QC 
VL65C22-01PC 
VL65C22-01QC 
VL6522-02PC 
VL6522-02QC 
VL65C22-02PC 
VL65C22-02QC 
VL65C22-03PC 
VL65C22-03QC 


VL65C22-04PC CMOS Plastic DIP 
VL65C22-04QC CMOS 4 MHz Plastic Leaded Chip Carrier 


Note: Operating temperature range: 0°C to +70°C. 
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Plastic DIP 
Plastic DIP 
Plastic Leaded Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic DIP 
Plastic Leaded Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic Leaded Chip Carrier 
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SIGNAL DESCRIPTIONS 

Signal — - Pin | Signal 

Name. Number Description 

RES a 34 - The LOW input reset clears all VL65(C)22 internal registers to logic 0 (except T1 and T2 

__ latches and counters and the shift register). This places all peripheral interface lines in 

the input state, disables the timers, shift register, etc., and disables interrupting from the 
chip. 

O2 25 | The input clock is the system ©2 clock, which triggers all data transfers between the 

-_ processor bus and the VL65(C)22. 
RW 22 The direction of the data transfers between the VL65(C)22 and the system processor is 


controlled by the R/W ine in conjunction with the CS1 and CS2 inputs. When R/Wis LOW 
(write operation) and the VL65(C)22 is selected, data is transferred from the processor 
bus into the selected VL65(C)22 register. When R/W is HIGH (read operation) and the 
chip is selected, data is transferred from the selected VL65(C)22 register to the CPU. 


DO-D7 33-26 The eight bidirectional data bus lines transfer data between the VL65(C)22 and the system 
processor bus. During read cycles, the contents of the selected VL65(C)22 register is 
placed on the data bus lines. During write cycles, these lines are high-impedance inputs 
and data is transferred from the processor bus into the selected register. When the 
VL65(C)22 is not selected, the data bus lines are high-impedance. 

CS1, CS2_ 24, 23 The two chip select inputs are normally connected to processor address lines either 


directly or through decoding. The selected VL65 ee register is accessed when cal is 
HIGH and CS2 is LOW. 


RSO, RS$1, RS2, 38 - 35 The coding of the four register select inputs selects one of the 16 internal registers of the 
RS3 . VL65(C)22, as shown in Table 2. 
TRO 21 The interrupt request output goes LOW whenever an internal interrupt flag is set and the 


corresponding interrupt enable bit is a logic 1. This is an open-drain output, which allows 
the interrupt request signal to be in a wire-OR logic state with other equivalent signals in 
PAO -PA7 2-9 ___ the system. 
Port A consists of eight lines that can be individually programmed to act as inputs or 
outputs under control of data direction register A. The polarity of output pins is controlled 
by an output register and input data may be latched into an internal register under control 
of the CA1 line. All of these modes of operation are controlled by the system processor 
through the internal control registers. These lines, represent one standard TTL load in the 
input mode and will drive one standard TTL load in the output mode. 


PBO - PB7 10-17 Peripheral data port B is an 8-line, bidirectional bus that is controlled by an output register, 
| input register and data direction register ina manner much the same as data port A. With 
respect to port B, the output signal on line PB7 may be controlled by Timer 1, while Timer 2 
may be programmed to count pulses on line PB6. Port B lines are also capable of sourcing 
3.0 mA at 1.5 Vdcin the output mode. This allows the outputs to directly drive Darlington 
transistor circuits. 


CA1, CA2 40, 39 Control lines CA1 and CA2 serve as interrupt inputs or handshake outputs for peripheral 
data port A. Each line controls an internal interrupt flag with a corresponding interrupt 
enable bit. CA1 also controls the latching of input data on port A. CA1 is ahigh- 
impedance input, while CA2 represents one standard TTL load in the input mode. Inthe 
output mode, CA2 will drive one standard TTL load. 


CB1, CB2 18, 19 Control lines CB1 and CB2 serve as interrupt inputs or handshake outputs for peripheral 
data port B. Like port A, these two control lines control an internal interrupt flag with a 
corresponding interrupt enable bit. These lines also serve as a serial data port under 
control of the shift register (SR). Each control line represents one standard TTL load in 
the input mode and can drive one TTL load inthe output mode. Note that CB1 and CB2 
cannot drive Darlington transistor circuits. 

Vcc . 20 +5 V. 


GND 1 Ground 
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VL6522-VL65C22 


FIGURE 1. MICROPROCESSOR AND PERIPHERAL INTERFACE 


DO-D7 PAO-PA7 
ee CA1 
MICROPROCESSOR iil R ariag CA2 PERIPHERAL 
BUS INTERFACE a. = INTERFACE 
CS1, CS2 CB 
1 
RSO-RS3 CR2 
RES 


IRQ | => PBO-PB7 


FUNCTIONAL 
DESCRIPTION 


PERIPHERAL DATA PORTS 

(PORT A, PORT B) 

Each peripheral data port operates in 
conjunction with a data direction register 
(DDRA or DDRB). Under program 
control, the data direction registers 
specify which lines within the port bus 
are to be designated as inputs or 
outputs. A logic 0 in any bit position of 
the register will cause the corresponding 
line to serve as an input, while a logic 1 
will cause the line to serve as an output. 


When aline is programmed as an output, 
it is controlled by a corresponding bit in 
the output register (ORAor ORB). A 
logic 1 in the output register will cause 
the corresponding output line to go 
HIGH, while a Logic 0 will cause the line 
to go LOW. Under program control, data 
is written into the Output Register bit 
positions corresponding to the output 
lines that have been programmed as 
outputs. Should data be written into bit 
positions corresponding to lines that 
have been programmed as inputs, the 
output lines will be unaffected. 


When reading a peripheral data port, the 
contents of the corresponding Input 
register (IRA or IRB) are transferred 
onto the data bus. When the input 
latching feature is disabled, input 
register A (IRA) will reflect the logic 
levels present on the port A bus lines. 
However, with input latching enabled 
and the selected active transition on 
CA1 having occurred, input register A 
will contain the data present on the port 


Abus lines at the time of the transition. 
In this case, once input register A has 
been read, it will appear transparent, 
reflecting the current state of the portA 
bus lines until the next CA1 latching 
transition. | 


Input register B operates similar to input 
register A except that for those port B 
bus lines that have been programmed as 
outputs. When reading input register A, 
the logic level on the bus line determines 
whether a logic 1 or 0 is sensed. 
However, when reading input register B, 
the logic level stored in output register B 
(ORB) is the logic level sensed. For this 
reason, those outputs that have large 
loading effects may cause the reading 

of input register A to result in the reading 
of logic 0 when a 1 was actually 
programmed, and reading a logic 1 when 
a 0 was programmed. However, when 
reading input register B, the logic level 
read will be correct, regardless of 
loading on the particular bus line. 


For information on formats and operation 
of the peripheral data port registers, 

refer to Figures 14, 15, 16, and 17. It 
should be noted that the input latching 
modes are controlled by the auxiliary 
control register . 


DATA TRANSFER - HANDSHAKE 
CONTROL 

A powertul feature of the VL65(C)22 is 
its ability to provide absolute control 
over data transfers between the 
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microprocessor and peripheral devices. 
This control is accomplished by way of 
handshake lines. Port A lines (CA1, 
CA2) handshake data transfers on both 
read and write operations, while port B 
lines (CB1, CB2) handshake data on 
write operations only. 


READ HANDSHAKE CONTROL 

Read handshaking provides effective 
control of data transfers from a 
peripheral device to the microprocessor. 
To accomplish the read handshake, the 
peripheral device generates a data 
ready signal to the VL65(C)22 that 
indicates valid data is present on the 
peripheral data port bus. In most cases, 
this data ready signal will interrupt the 
microprocessor, which will then read the 
data and generate a data taken signal. 
Once the peripheral senses the data 
taken signal, new data will be placed on 
the bus. This process continues until 
the data transfer is complete. 


Automatic read handshaking applies to 
peripheral data port Aonly. The data 
ready signal is transmitted by the 
peripheral device over the CA1 interrupt 
line, while the data taken signal is 
generated and transmitted to the 
peripheral device over the CA2 line. 
When the data ready signal is received, 
it sets an internal flag in the interrupt 
flag register (IFR). This flag may 
interrupt the microprocessor or it may be 
polled under program control. As an 
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option, the data taken signal may be 
either a pulse or a level. In either case, 
itis set LOW (logic 0) by the 
microprocessor and is cleared by the 
next data ready signal. Refer to Figures 
3 and 4 for read handshake timing and 
operating sequence. 

WRITE HANDSHAKE CONTROL 


The write handshake operation is similar 
to read handshaking. For write 


handshaking, however, the VL65(C)22 _ 


generates the data ready signal and the 
peripheral device must generate the 
data taken return signal. Note that write 
handshaking may occur on both data 
ports (A and B). Fora write handshake, 
CA2 or CB2 serve as the data ready 
output and can operate in either the 
handshake mode or the pulse mode. 
The data taken signal is received by 
CA1 orCB1. The data taken signal sets 
a flag in the interrupt flag register and 
clears the data ready output signal. 
Note that the selection of read or write 
handshake operating modes (CA1, CA2, 
CB1, and CB2) is accomplished by the 
peripheral control register (PCR). 


INTERRUPT OPERATION 

There are three basic operations: 
setting the flag within the interrupt flag 
register (IFR), enabling the interrupt by 
way of a corresponding bit inthe © 
interrupt enable register (IER), and 
signaling the microprocessor with an 
interrupt request (IRQ). An interrupt flag 
can be set by conditions internal to the 
chip or by inputs to the chip from 
external sources. Normally, an interrupt 
flag remains set until the interrupt is 

_ serviced. To determine the source of an. 
interrupt, the micro-processor must 
examine each flag in order, from highest 
to lowest priority. This is accomplished 
by reading the contents of the interrupt 
flag register into the microprocessor 
accumulator, shifting the contents 
either left or right, and then using 
conditional branch instructions to detect 
an active interrupt. Each interrupt flag 
has a corresponding interrupt enable bit 
in the interrupt enable register. The 
enable bits are controlled by the | 
microprocessor (set or reset). If an 
interrupt flag is HIGH (logic 1), and the 
corresponding interrupt enable bit is 


HIGH (logic 1), the interrupt request 
(IRQ) will go LOW (logic 0). IRQ is an 
open-collector output that can be ina 
wire-OR logic state with other devices » 
within the system. 


All interrupt flags are contained withina 
single interrupt flag register. Bit 7 of this - 
register will be HIGH (logic 1) whenever 
an interrupt flag is set, thus allowing 
convenient polling of several devices 
within a system to determine the source 
of the interrupt. 


The interrupt flag register (IFR) and 
interrupt enable register (IER) format 
and operation is shown in Figures 28 and 
29, respectively. The interrupt flag 
register may be read directly by the 
micrprocessor, and individual flag bits 
may be cleared by writing a 1 into the 
appropriate bit of the IFR. Bit 7 of the 
IFR indicates the status of the interrupt 
request (IRQ) output. Bit 7 corresponds 
to the following logic function: IRQ = 
IFR6 x IER6 + IFRS x IERS + IFR4 x IER4 
+IFR3 x lIER3 + IFR2 x IER2 + IFR1 x 
IER1 + IFRO x IERO. Note x = Logic- 
AND, + = Logic-OR. 

Bit 7 is not a flag. For this reason, bit 7 
is not directly cleared by writing a"1" 
into its bit position. It can be cleared, 
however, by clearing all the flags within 
the register, or by disabling all active 
interrupts as presented in the next 
section. 


TIMER OPERATION | 

Timer 1 Operation - Interval timer T1 
consists of two 8-bit latches and a 16-bit 
counter. The latches serve to store 
data that is to be loaded into the 
counter. Once the counter is loaded 
under program control, it decrements at 
a phase 2 (@2) clock rate. Upon 
reaching zero, an interrupt flag is set, 
causing interrupt request (IRQ) to go 
LOW (logic 0), if the corresponding 
interrupt enable bit is set. Once the 
timer reaches a count of zero, it will 
either disable any further interrupts 
(provided it has been programmed to do 
so), or it will automatically transfer the 
contents of the latches into the counter 
and proceed to decrement again. The 
counter may also be programmed to 
invert the output signal on PB7 each 


time it reaches a count of zero. 
Additional control bits are provided in 
the auxiliary control register (bits 6 and 
7) to allow selection of timer 1 operating 
modes. 


It should be noted that the 
microprocessor does not write directly 
into the low-order counter (T1C-L). 


_ Instead, this half of the counter is 
_ loaded automatically from the low-order 


register when the microprocessor writes 
into the high-order register and counter. 
In fact, it may not be necessary to write 
to the low-order register in some 
applications, since the timing operation 
is triggered by writing to the high-order 
register and counter. 


Timer 1 One-Shot Mode - Interval timer 
T1 may operate in the one-shot mode 
which allows the generation of a single 
interrupt flag each time the timer is 
loaded. The timer can also be 


programmed to produce a single 


negative pulse on data port line PB7. 


To generate a single interrupt, it is 
required that bits 6 and 7 of the auxiliary 
control register be LOW (logic 0). The 
low-order T1 counter (T1C-L) or the low- 
order T1 latch (T1L-L) must then be 
loaded with the low-order count value. 
Note that a load to T1C-L is effectively a 
load to T1L-L. Next, the high-order — 
count value must be loaded into the high- 
order T1 counter (T1C-H), at which time 
the value is simultaneously loaded into 
high-order T1 latch (T1L-H). During this 
load sequence, the contents of T1L-L is 
transferred to T1C-L. The counter will 
start counting down on the next @2 ~ 
clock following the load sequence into 
T1C-H, and will decrement at the 2 
clock rate. Once the T1 counter 
reaches a zero count, the interrupt flag 
is set. To generate a negative pulse on 
data port line PB7, the sequence is 
identical to the above except bit 7 of the 
auxiliary control register must be HIGH 
(logic 1). Data port line PB7 willthen go 
LOW (logic 0) following the load to T1C- 
H, and will go HIGH (logic 1) again when 
the counter reaches a zero count: Once 
set, the T1 interrupt flag is reset by 
either loading T1C-H, which starts a new 
count, or by reading T1C-L. . 
Timer 1 Free-Run Mode - An important 
advantage within the VL65C22 is the 
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ability of the latches associated with the 
T1 counter to provide a continuous 
series of evenly spaced interrupts or a 
square wave on data port line PB7. It 
should also be noted that the 
continuous series of interrupts and 
square waves are not affected by 
variations in the microprocessor 
interrupt response time. These 
advantages are all produced in the free- 
run mode. When operating in the free- 
run mode, the interrupt flag is set and 
the signal on PB7 is inverted each time 
the counter reaches acount of zero. In 
the free-run mode, however, the counter 
does not continue to decrement after 
reaching a zero count. Instead, the 
counter automatically transfers the 
contents of the latch into the counter 
(16 bits) and then decrements from the 
new count value. As can be seen, itis 
not necessary to reload the timer in 
order to set the interrupt flag on the next 
count of zero. When set, the interrupt 
flag can be cleared by either reading 
T1C-L, by writing directly into the 
interrupt flag register (IFR), as willbe 
discussed later, or by aload into T1C-H 
when a new count value is desired. 


Since the interval timers are all 
retriggerable, reloading the counter will 
always reinitialize the time-out period. 
Should the microprocessor continue to 
reload the counter before it reaches 
zero, counter time-out can be 
prevented. Timer 1 is able to operate in 
this manner provided the 
microprocessor writes into the high- 
order counter (T1C-H). 


By loading the latches only, the 
microprocessor can access the timer 
during each count-down operation 
without affecting the time-out in 
progress. In this way, data loaded into 
the latches will determine the length of 
the next subsequent time-out period. 
This capability is of value in the free-run 
mode with the output enabled. Inthe 
free-run mode, the signal on data port 
line PB7 is inverted and the interrupt flag 
is set with each counter time-out. When 
the microprocessor responds to the 
interrupts with new data for the latches, 
it can determine the period of the next 
half-cycle during each half-cycle of the 
output signal on line PB7. In this way, 
complex waveforms can be generated. 


Timer 2 Operation - Timer 2 operates in 
the one-shot mode only (as an interval 
timer), or as a pulse counter for counting 
negative pulses on data port line PB6. 


Asingle control bit within the auxiliary 
control register is used to select 
between these two modes. Timer 2 is 
made up of a write-only low-order latch 
(T2L-L), a read-only low-order counter 
(T2C-L), and a read/write high-order 
counter (T2C-H). This 16-bit counter 
decrements at a @2 clock rate. 


Timer 2 One-Shot Mode - Operation of 
Timer 2 in the one-shot mode is similar to 
Timer 1. That is, for each load T2C-H 
operation, Timer 2 sets the interrupt flag 
for each countdown to zero. However, 
after a time-out, the T2 counters roll 

over to all ones (FFF16) and continue to 
decrement. This twos-complement 
decrement allows the user to determine 
how long the T2 interrupt flag has been 
set. Since the interrupt flag logic is 
disabled after the initial interrupt set 
(zero count), further interrupts cannot 

be set by a subsequent count to zero. 

To enable the interrupt flag logic, the 
microprocessor must reload T2C-H. The 
interrupt flag is cleared by either reading 
T2C-L or by loading T2C-H. 


Timer 2 Pulse Counting Mode - In the 
pulse counting mode, timer 2 counts a 
predetermined number of negative-going 
pulses on data port line PB6. To 
accomplish this, acount number is 
loaded into T2C-H, which clears the 
interrupt flag logic and starts the 
counter to decrement each time a 
negative pulse is applied to data port 
line PB6. When the T2 counter reaches 
acount of zero, the interrupt flag is set 
and the counter continues to decrement 
with each pulse on PB6. To enable the 
interrupt flag for subsequent 
countdowns, it is necessary to reload 
T2C-H. The decrement pulse on line 
PB6 must be LOW (logic 0) during the 
leading edge of the @2 clock. 


SHIFT REGISTER OPERATION 
AND MODES 


Shift Register Operation - The shift 
register performs bidirectional serial 
data transfers on line CB2. These 
transfers are controlled by an internal 
modulo-8 counter. Shift pulses can be 
applied to the CB1 line for controlling 
external devices. Each shift register 
operating mode is controlled by control 
bits within the auxiliary control register. 
Shift Register Input Modes (Shift 
Register Disabled, 000) - in the 000 
mode, the shift register is disabled from 
all operation. The microprocessor can 


read or write the shift register, but 
shifting is disabled and both CB1 and 
CB2 are controlled by bits in the 
peripheral control register (PCR). The 
shift register interrupt flag is held LOW 
(disabled). 


Shift-In (Counter T2 Control, 001) - In 
this mode, the shifting rate is controlled 
by the low-order eight bits of counter T2. 
Shift pulses are generated on the CB1 
line to control shifting in external 
devices. The time between transitions 
of the CB1 output clock is determined by 
the @2 clock period and the contents of 
the low-order T2 latch (N). Shifting 
occurs by writing or reading the shift 
register. Data is shifted into the low- 
order bit first, and is then shifted into the 
next higher order bit on the negative- 
going edge of each clock pulse. Input 
data should change before the positive- 
going edge of the CB1 clock pulse. This 
data is then shifted into the shift register 
during the @2 clock cycle following the 
positive-going edge of the CB1 clock 
pulse. After eight CB1 clock pulses, the 
shift register interrupt flag will be set and 
the IRQ will go LOW (logic 0). 


Shift In (@2 Clock Control, 010) - inthis 
mode, the shift rate is controlled by the 
@2 clock frequency. Shift pulses are 
generated on the CB1 line to control 
shifting in external devices. Timer 2 
operates as an independent interval 
timer and has no influence on the shift 
register. Shifting occurs by reading or 
writing the shift register. Data is shifted 
into the low-order bit first, and is then 
shifted into the next higher order bit on 
the trailing edge of the @2 clock pulse. 
After eight clock pulses, the shift 
register interrupt flag will be set and 
output clock pulses on the CB1 line will 
stop. 


Shift In ( External CB1 Clock Control, 
011) - Inthis mode, CB1 serves as an 
input to the shift register. In this way, 
an external device can load the shift 
register at its own pace. The shift 
register counter will interrupt the 
microprocessor after each eight bits 
have been shifted in. The shift register 
counter does not stop the shifting 
operation; its function is simply that of a 
pulse counter. Reading or writing the 
shift register resets the interrupt flag 
and initializes the counter to count 
another eight pulses. Note that data is 
shifted during the first O2 clock cycle 
following the positive-going edge of the 
CB1 shift pulse. For this reason, data - 
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must be held stable during the first full 
cycle following CB1 going high. 

Shift Out (Free Running at T2 Rate, 100) - 
This mode is similar to mode 101 in 
which the shifting rate is determined by 
T2. However, in mode 100 the shift 
register counter does not stop the 
shifting operation. Since shift register 

bit 7 (SR7) is recirculated back into bit 0, 
the eight bits loaded into the Shift 
Register will be clocked onto the CR2 ~ » 
line repetitively. In this mode, the shift 
register counter is disabled and IRQ is 
never set. — 


Shift Out (T2 Control, 101) - In this 
mode, the shift rate is controlled by T2 
(as in mode 100). However, with each 
read or write of the shift register, the 
shift register counter is reset and eight 
bits are shifted onto the CB2 line. At the 


same time, eight shift pulses are placed _ 


onthe CB1 line to control shifting in 
external devices. After the eight shift 
pulses, the shifting is disabled, the 
interrupt flag is set, and CB2 will remain 
at the last data level. 


Shift Out (@2 Clock Control, 110) - In 
this mode, the shift rate is controlled by 
the system @2 clock. 
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Shift Out ( External CB1 Clock Control, 
111) - Inthis mode, shifting is controlled 
by external pulses applied to the CB1 
line. The shift register counter sets the 
interrupt flag for each eight-pulse count, 
but does not disable the shifting 
function. Each time the microprocessor 
reads or writes to the shift register, the 
interrupt flag is reset and the counter is - 
initialized to begin counting the next 
eight pulses on the CB1 line. After eight — 
shift pulses, the interrupt flag is set. 

The microprocessor can then load the 
shift register with the next eight bits of 
data. 
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TABLE 1. PERIPHERAL INTERFACE CHARACTERISTICS 


TA = 0°C to 70°C, VCC = 5 V +5% 


Symbol Parameter Min 
tR,tF | Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals 1.0 


tCA2 Delay Time, Clock Negative Transition to CA2 Negative 


Transition (Read Handshake or Pulse Mode) 
tRS1 Delay Time, Clock Negative Transition to CA2 Positive 
Transition (Pulse Mode 


—_ 
© 


=_—S oe —_ NO — 
r ol wm oO 


iRS2 Delay Time, CA1 Active Transition to CA2 Positive Transition 0 
(Handshake Mode) 

tWHS Delay Time, Clock Positive Transition to CA2 or CB2 Negative 0.05 0 
Transition (Write Handshake) 


tDS Delay Time, Peripheral Data Valid to CB2 Negative Transition 0.20 
iRS3 Delay Time, Clock Positive Transition to CA2 or CB2 Positive 
Transition (Pulse Mode) 


iRS4 Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 2.0 
Positive Transition (Handshake Mode) 
121 Delay Time Required from CA2 Output to CA1 Active 400 
Transition (Handshake Mode) 


tL Set-up Time, Peripheral Data Validto CA1 or CB1 Active 300 
Transition (Input Latching) 


tSR1 Shift-Out Delay Time - Time from @2 Falling Edge to CB2 | 300 
Data Out 


tSR2 Shift-In Set-up Time - Time from CB2 Data In to @2 Rising Edge 


iSR3 External Shift Clock (CB1) Set-up Time Relative to @2 100 tCYC 
Trailing Edge 


IP\ Pulse Width - PB6 Input Pulse 2x tCYC 
tICW Pulse Width - CB1 Input Clock 2x tCYC 


tIPS Pulse Spacing - PB6 Input Pulse 2xtCYC 
Pulse Spacing - CB1 Input Pulse | 2xtCYC 
CA1, CB1 Set Up Prior to Transition to Arm Latch 
Peripheral Data Hold After CA1, CBI Transition | 
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é 

© 
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FIGURE 2. TIMING FOR READ HANDSHAKE, PULSE MODE 


0.8V 0.8V 
G2 


READ IRA 
OPERATION 


CAD 0.8V 
"DATA TAKEN" tCA2 tRS1_ 


FIGURE 3. TIMING FOR READ HANDSHAKE, HANDSHAKE MODE 


0.8V 
92 i 


READ IRA 
OPERATION 
py i 
CA2 0.8V | 2.0V 
"DATA TAKEN" 
CA1 
"DATA READY" / 6.8V 
ACTIVE 
TRANSITION 


FIGURE 4. TIMING FOR WRITE HANDSHAKE, PULSE MODE 
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OPERATION 
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FIGURE 5. TIMING FOR WRITE HANDSHAKE, HANDSHAKE MODE 
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FIGURE 6. PERIPHERAL DATA INPUT LATCHING TIMING 
D.0V 
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INPUT DATA 
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CA1, CB1 0.8V 
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CONTROL 4 ACTIVE 

TRANSITION 


FIGURE 7. TIMING FOR SHIFT OUT WITH INTERNAL OR EXTERNAL SHIFT CLOCKING 
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FIGURE 8. TIMING FOR SHIFT IN WITH INTERNAL OR EXTERNAL SHIFT CLOCKING 
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FIGURE 9. EXTERNAL SHIFT CLOCK TIMING 
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FIGURE 10. PULSE COUNT INPUT TIMING 
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TABLE 2. REGISTER SELECT 


Pel 
” 
2) 
° 
= 
3 
© 


Register/Description 


Number de Reed (RTE H 
2 fo fo [1 [oo | DDRB Data Direction Register B 
4 0 1 0 | O TIC -L T1 Low-Order Latches T1 Low-Order Counter 
5 Pes dee PO it ae TiC-H | T1High-Order Counter | 
_§ | ee T1 Low-Order Latches 
4 pe Ve te ede ae A). iste 1 T1 High-Order Latches . 
8 pte ef T2 Low-Order Latches T2 Low-Order Counter 
9 Pao ip ee ce ae T2 High-Order Counter 
11 ge ted 2 ACR | Auxiliary Control Register 
12 Eee EZ eee ee Peripheral Control Register 
13 1 | 1 | FR Interrupt Flag Register 
14 poet Interrupt Enable Register 
[+ [+ [+ [+ [| omarima [ouput Regsoray | nou Rogitor a 
*Note: Same as register 1, except no handshake 
TABLE 3. READ TIMING 
VL6522-01 | VL6522-02 |vL65C22-01 |[vLe5c22-02 |VvL65C22-03 |VL65C22-04 
sn | ranmar WC] a | Mi | A] 
roan [aaseseviowtie [0 | = fof fe f= fet fe [= fe [i 
TPOR | Paiphealbaiasetopine | ooo | — [so] - ool - [wl - [wo] - [|| = 
Bae 
ra —[eaeatate —ot Pe tpt tt tet tet t 
TABLE 4. WRITE TIMING 
| . | VL6522-01 | VL6522-02 |VL65C22-01 |VL65C22-02 |VL65C22-03 
Se ooo 
oy [Geet «dt (| 08 | pes | wo [oa] 10 | : 
TACW [Aeros Setup Tine | 10 | - | 0 a : 
ToAW | AdiressHoWTine | 0 | | 0 a : 
wow [ RivsswpTine | 0 | - | 90 | fe 
Leg eed 
ae 
hoe! 


= |o _ : 
oO mn ; oO 

a 

wn 


fo _ ms : 
o lo a Ji jo 
—k 
| Oo a 


nm | : = 
i rs) i— b 
o Oo ros} NI | 
oO oO Oo 
on, 
ro 
oO 


lo | | 
, ol | 


“THW | DataBusHoldTime = | 1 30° | ns 
| peta ae | “ets ; 
TCMOS Peripheral Data Delay Time 

to CMOS Levels | Ca hosel be 0.75 


Note: tRISE, tFALL = 10 to 30 ns. 
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FIGURE 11. READ TIMING 
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FIGURE 12. WRITE TIMING 
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FIGURE 13. REGISTER 0, ORB/IRB 


OUTPUT REGISTER 
“B” (ORB) OR 
INPUT REGISTER 
“B”’ (IRB) 


PIN 
DATA DIRECTION WRITE READ 
SELECTION 

DDRB = “1" (OUTPUT) MPU WRITES OUTPUT LEVEL | MPU READS OUTPUT REGISTER 

(ORB) BIT IN ORB. PIN LEVEL HAS NO 
AFFECT 

ODRB = “0” (INPUT) MPU WRITES INTO ORB, BUT | MPU READS INPUT LEVEL ON PB 

(INPUT LATCHING DISABLED) NO EFFECT ON PIN LEVEL, PIN 
UNTIL DDAB CHANGED 


DDAB = “Oo” (INPUT) MPU READS IRB BIT, WHICH IS THE 

(INPUT LATCHING ENABLED) LEVEL OF THE PB PIN AT THE TIME 
OF THE LAST CB1 ACTIVE 
TRANSITION 


FIGURE 15. REGISTER 2, DDRB 
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0" ASSOCIATED PB PIN IS AN INPUT 
(HIGH {MPEDANCE) 


“4” ASSOCIATED PB PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 
ORB REGISTER BIT 


FIGURE 17. REGISTER 4, TIMER 1 LOW-ORDER 
COUNTER 


128 


WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER tS LCADED (REG 5). 


READ - 8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER). 


4-95 


VL6522-VL65C22 


FIGURE 14. REGISTER 1, ORAIRA 
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PA2! OUTPUT REGISTER 
Pa3| ‘*A’’ (ORA) OR 

east INPUT REGISTER 
“A”? (IRA) 


PIN 
DATA DIRECTION 
SELECTION 


DDRA = “1" (OUTPUT) MPU WRITES OUTPUT LEVEL | MPU READS LEVEL ON PA PIN 
(INPUT LATCHING DISABLED) (ORA) 


DDRA = "1" (OUTPUT) MPU READS JRA BIT WHICH IS THE 

(INPUT LATCHING ENABLED) LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION 


DDRA = "0" (INPUT) MPU WRITES INTO ORA, BUT | MPU READS LEVEL ON PA PIN 
(INPUT LATCHING DISABLED) NO EFFECT ON PIN LEVEL, 
UNTIL DDRA CHANGED 


DDRA = “0” (INPUT) MPU READS IRA BIT, WHICH iS THE 

(INPUT LATCHING ENABLED) LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION 


FIGURE 16. REGISTER 3, DDRA 
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Aaa Ee eat ee ‘ FIGURE 19. REGISTER 6, TIMER 1 LOW-ORDER LATCH 


128 
WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 


LATCHES. THIS OPERATION IS NO 
WRITE ~ 8 BITS LODED INTO T1 HIGH-ORDER DIFFERENT THAN A WRITE INTO 
LATCHES. ALSO, AT THIS TIME BOTH REG 4. 
HIGH- AND LOW-ORDER LATCHES READ ~ 8 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED INTO Tt COUNTER. TRANSFERRED TO MPU. UNLIKE REG 4 
READ -8 IBTS FROM T1 HIGH-ORDER COUNTER RESET OF T1 INTERRUPT FLAG 
TRANSFERRED TO MPU. 
FIGURE 20. REGISTER 7, TIMER 1 HIGH-ORDER LATCH FIGURE 21. REGISTER 8, TIMER 2 LOW-ORDER 
LATCH/COUNTER 


: ESEBREES 


256 ; 

512 ; 

1024 ‘ 

2048 | ~COUNT 8 COUNT 
4096 | VALUE is VALUE 
8192 a5 

16384 es 

32768 


WRITE ~ 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. UNLIKE REG 4 OPERATION 


NO LATCH-TO-COUNTER TRANSFERS WRITE — 8 BITS LOADED INTO T2 LOW-ORDER 
TAKE PLACE. LATCH 

READ ~ 8 BITS FROM T1 HIGH-ORDER LATCHES READ-— 8 BITS FROM T2 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. 


TRANSFERRED TO MPU. T2 INTERRUPT 
FLAG IS RESET. 


FIGURE 22. REGISTER 9, TIMER 2 HIGH-ORDER 


FIGURE 23. REGISTER 10, SHIFT REGISTER 
LATCH/COUNTER 


BOURBEEE 


256 
512 
1024 SHIFT 
2048 COUNT REGISTER 
{gg || VALUE BITS 
8192 
16384 
32768 NOTES: 
1. WHEN SHIFTING OUT. BIT 7 !S THE FIRST BIT 
OUT AND SIMULTANEOUSLY !S ROTATED BACK 
WRITE - 8 BITS LOADED INTO T? HiGH-ORDER INTO BIT 0. 2 
COUNTER. ALSO, LOW ORDER LATCH 2. WHEN SHIFTING IN, BITS INITIALLY ENTER 


TRANSFERRED TO LOW-ORDER 
COUNTER. IN ADDITION, T2 INTERRUPT 
FLAG IS RESET. 


READ~— 8 8ITS FROM T2 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 


BIT 0 AND ARE SHIFTED TOWARDS BIT 7. 
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FIGURE 24. REGISTER 11A, AUXILIARY CONTROL 
REGISTER 


DISABLED 


QNE-SHOT 
OUTPUT 


© 


[7| 6] OPERATION 
TIMED INTERRUOT 
CONTINUOUS SQUARE 
INTERRUPTS WAVE 

OUTPUT 
| 0] TIMED INTERRUPT 


TIMED INTERRUPT 
EACH TIME T1IS 
LOADED 
EACH TIME T11S 
T2 TIMER CONTROL 
COUNT DOWN WITH 


T1 TIMER Se eee ER ag 
CONTINUOUS 
INTERRUPTS 
LOADED 
| 5] OPERATION 
PULSES ON PB6 


FIGURE 25. REGISTER 11B, AUXILIARY CONTROL 
REGISTER 


BOEREBRG 
a Se | 


SHIFT REGISTER 
MODE CONTROL 


| 4{3 {21 OPERATION 

pojojo}] olsaBLED rt C“(i‘s‘CS*sSsSCSCisS 
LO}O}1| SHIFTINUNDERCONTROLOFT2 _| 
fo{1{o]| SHIFTINUNDERCONTROLOFH2 | 
Lo 1{1] SHIFTINUNDER CONTROL OF EXTCLK | 
Lijolo. 
SICIE 
ifijo 
Bag 


SET BY CLEARED BY 


COMPLETE 8 SHIFTS} READ OR WRITE 
SHIFT REG 


CB2 ACTIVE EDGE READ OR WRITE ORB* 
CB1 ACTIVE EDGE READ OR WRITE ORB 


WRITE T2 HIGH 
WRITE T1 HIGH 
INTERRUPT INTERRUPTS 
* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE 


CLEARED BY WRITING INTO THE !FR, AS DESCRIBED 
PREVIOUSLY. 


PA 
B 


Pp 


| 4| 3{2| OPERATION 
101 0] 0| 
10| 0] 1| SHIFT INUNDER CONTROL OF T2 


DISABLED 


[0[1[0[ SHIFT IN UNDER CONTROL OF 62 
10} 1[ 1 SHIFT IN UNDER CONTROL OF EXT. CLK 
11/0{0[ SHIFT OUT FREE-RUNNING AT T2 RATE 


SHIFT OUT UNDER CONTROL OF 62 
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VL6522-VL65C22 


LATCH ENABLE/DISABLE 


0 = DISABLE 
1= ENABLE LATCHING 


SHIFT REGISTER CONT RHUL 


FIGURE 26. REGISTER 12, PERIPHERAL CONTROL 
REGISTER | 


CA1 INTERRUPT CONTROL 


0 = NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


OPERATION 


7 [6{5] 
[0] 0 [0 


INDEPENDENT INTERRUPT 
wee INPUT-NEG EOGE* CA2 CONTROL 
10/1 [0] (sl2]1] OPERATION. —~S@Y 


INDEPENDENT INTERRUPT 
INPUT-POS EDGE* 


Pie inerrnze agement 

ae 1] INDEPENDENT INTERRUPT 
INPUT-NEG EDGE*® 

10 [1/0] INPUT-POSITIVE ACTIVE EDGE _| 

INDEPENDENT INTERRUPT 

PULSE OUTPUT 


LOW OUTPUT 
HIGH OUTPUT 


fi[ifoftow output 
hf [i [nich oureut 


CB1 INTERRUPT CONTROL 


0 = NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EOGE 


FIGURE 28. REGISTER 14, INTERRUPT ENABLE 
REGISTER 


BEGHERRS 


Rese 
CAL 
HIFT REG 
S E 0 
cB2 
CBI 
1 
TIMER 2 
TIMER 1 


SET/CLEAR 


INTERRUPT 
DISABLED 


INTERRUPT 
ENABLED 


NOTES: 

1. 1F BIT71SA“0", THEN EACH “1” IN BITS 0 - 6 DISABLES THE 
CORRESPONDING INTERRUPT. 

2.1F BIT 71S A‘1", THEN EACH ‘1 IN BITS 0 - 6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3. 1F A READ OF THIS REGISTER !S DONE, BIT 7 WILL BE “1” AND 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE. 


| 


Willa Vi6522-vL65c22 


DC CHARACTERISTICS: vec=5.0Vi5%,VSS=0V,T=0 | 0°Cto70°C unlessotherwisenoted _ 


lIN IPE SER Age CMGI a2, ws| ya | VIN=0V105.0v 
RW, RES, RS3 - RSO, CS2, CS1, CA1@2 | VCC = 0V 
Input Leakage Current for Off Stat e VIN =.0.4V to 2.4V 
Input High Current 
WH PA7-PAO, CA2, PB7-PBO, CB1, CB2 pop fe BR i Rea 
Input Low Current 
HL PA7-PAO, CA2, PB7-PBO, CB1, CB2 ie Bis 
Output High Voitage D4 V VCC = 4.75V. 
VOH PA7-PAO, CA2, PB7-PBO, CB1, CB2 ILOAD =- 100 pA 
VCC = 4.75 
IM Leceaon A a a 
na PA7-PAO, PB7-PBO 
Output High ( TTL drive ),D7-DO - 100 pA VOH = 2.4V 
a peek PB7-PBO ( other dri | 
Sourcin : oiner drive, 6.g., VOH = 1.5V 
IOL Output Low Current ( Sinking ) i i VOL = 0.4V 
Output Leakage Current —_( Off State ) | 
lOFF TRO 10 HA 
PD Power Dissipation (VL6522) | ey 700 
ICC Power Supply Current (VL65C22) ae 


CAPACITANCE: tTA=25°C,f=1.0 MHz 

Symbol Parameter 
| R/W, RES, RS3-RSO, 
CS2,CS1, D7-D0, CA1, 


CA2, PA7-PAO, 
PB7-PBO 


CBi, CB2 


Conditions 


VCC =5.0V 
VIN=0V 


Cl Input Capacitance 


@2 Input 
COUT Output Capacitance 


BS ee 
ERE 
a ae 2 ee 
ae a FES 
os eae eC ea 


Notes: 


1. All units are direct current ( DC). 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Operating 
Temperature 


Storage Temperature 


Supply Voltage to 
Ground Potential 


Applied Output Voltage 
Appiiéd input Voiags 
Power Dissipation 


-10 to +80°C 


-65 to +150°C 
-0.5to+7.0 V 


-0.5t0+7.0V 


0.510+7.0V 


sew © 


750 mW 


Stresses above those listed under 
"Absolute Maximum Ratings” may cause 
permanent damage to the device. 
These are stress ratings only. 
Functional operation of this device at 
these or any other conditions above 
those indicated on the operational 
sections of this specification is not 
implied and exposure to conditions for 
extended periods may affect device 
reliability. 
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DOUBLE-DENSITY FLOPPY DISK CONTROLLER (DDFDC) 


been 


Address mark detection circuitry 


e Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 


e IBM compatible in both single- and double-density format 


* Programmable data record lengths: 128, 256, 512, 1024 2048 
4096 or 8192 bytes/sector 


e Multi-sector and multi-track transfer capability 
e Controls up to four floppy disk drives 


e Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor’s memory with data read from the disk 


e Data transfers in DMA or non-DMA mode 
e Parallel seek operations on up to four drives 


e Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including Z-80/8080A/8085A, 
8086, and 8088 


e Replaces the NEC »PD765A, Intel 8272A, and 
Rockwell 6765A 


e Single phase 4 or 8 MHz clock 
e Single +5 volt power supply 


DESCRIPTION 

The VL6765 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to an 8-bit or 16-bit 
microprocessor-based system including Z80, 8080A, 8085A, 8086, 
and 8088. The DDFDC simplifies the system design by minimiz- 
ing both the number of external hardware components and soft- 
ware steps needed to implement the floppy disk drive (FDD) 
interface. Control signals supplied by the DDFDC reduce the 
number of components required in external phase locked loop 
and write precompensation circuitry. Memory-mapped registers 
containing commands, status and data simplify the software inter- 
face. Built-in functions reduce the software overhead needed to 
control the FDD interface. The DDFDC supports both the 
IBM 3740 Single-Density (FM) and IBM System 34 Double-Density 
(MFM) formats. 


The DDFDC interfaces directly to the synchronous microproces- 
sor bus and operates with 8-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the DDFDC and all data 
transfers occur under DMA control. The. VL6765 is directly ‘com- 
patible with the Z841 0/uPD8257 Direct Memory Access Controller 
(DMAC). In non-DMA mode, the DDFDC generates an interrupt 
to the CPU indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 


PIN DIAGRAM 


VL6765 


vcc 
RW/SEEK 
LCT/DIR 


FR/STP 


WwP/TS 
FLT/TRKO 


PSO 


ORDER INFORMATION 


Part Clock 
Frequency 


Number Package 


VL6765-04PC Plastic DIP 
VL6765-04CC 4 MHz Ceramic DIP _. 
VL6765-04QC Plastic Leaded . 


Chip Carrier (PLCC) 
Plastic DIP 

Ceramic DIP 

Plastic Leaded 

Chip Carrier (PLCC) 


VL6765-08PC 
VL6765-08CC 
VL6765-08QC 


Note: 
Operating temperature range: 0°C to +70°C. 
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DDFDC Input and Output Signals | 
PROCESSOR 


| DO-D7 | | 
BUS 


INTERFACE | - ics 
pes 6s 
AO 
INT 
RD 
WR 


Figure 1. 


| DACK 
-DMAC _ : TC 
INTERFACE: DRO 


CLK - 
Vec 
~ GND - 


PIN DESCRIPTION _ 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low-voltage 
state. (The active state of each logic pin is described below.) Active 
low signals are denoted by a superscript bar. 


BUS INTERFACE - 


DO-D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 4 or 8 MHz square 
wave signal. 


RST—RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drive (FDD) 
to the low state. RST does not affect the Step Rate Time (SRT), 
Head Unload Time (HUT) or Head Load Time (HLT) set by a 
Specify command. If RDY goes high while RST is high, the 
DDFDC will assert INT within 1.024 ms. This interrupt can be 
cleared by issuing a Sense Interrupt Status command. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 


A0—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When AO = high, 
the Data Register is selected _and the state of RD or WR 
determines whether it is a read (RD = low) or a write (WR = low) 


~— RDW 
RDD 


vco 


WwCK FDD 

aay SERIAL 
(DATA 

WE INTERFACE 


PSO-PS1 


RDY 

IDX 

WP/TS 
FLT/TRKO_ 
LCT/DIR 
FR/STP 


RW/SEEK FDD 
CONTROL/STATUS 


HDL INTERFACE 
HD 


USO 


ust 
MFM 


operation. When AO = low, the Status Register is selected. This 
register may only be read (RD = low); the state WR = low is - 
invalid when the Status Register is selected. 


INT—Interrupt Request. This active high output is the interrupt 
request generated by the DDFDC to the CPU. INT is asserted upon 
completion of some DDFDC commands and before a data byte 
is transferred between the DDFDC and the data bus (in the Non- 
DMA mode). 


RD—Read. This active low input defines the data bus transfer 


as a read cycle. When low, the data transfer is from the DDFDC 
to the data bus. 


WR—Write. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 
to the DDFDC. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 


DRQ—Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when DRQ = high. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 
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TC—Terminal Count. This input signal is issued to the DDFDC 
when the DMA transfer for a channel is complete. The signal is 
active high concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by tne 
Phase Locked Loop (PLL) and used to sample data from the FDD. 


VCO—Voltage Controlled Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enable. This output signal enables the Write Data 
into the FDD when high. 


PSO-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 


Preshift Outputs 


Write Precompensation Status 


Normal 
Late 
Early 
Invalid 


— ©O -~ © 


0 = Low, 1 = High 


FDD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


RW/SEEK 


Active FDD Interface Signals 
WP, FLT, LCT, FR 
TS, TRKO, DIR, STP 


vLe765 Wile 


WP/TS—Write Protect/Two Side. An active high multiplexed 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 
high indicates the media is two-sided. 


FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
over track zero. 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the FDD. 
In the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 


Figure 2. Typical VL6765 Application 


HOST PROCESSOR 


ADDRESS 


DATA 


INTERFACE LOGIC 


VL6765 FLOPPY 
DISK CONTROLLER 


DRIVERS & 
RECEIVERS 


FLOPPY DISK DRIVE 
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HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD = low. 


USO-US1—Unit Select. Output signals for floppy disk drive selec- 
tion as follows: 


Unit Select 


Floppy Disk 
Drive Select 


0 = Low, 1 = High 


MFM—MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM = high and the 
FM mode MFM = Low. 


vCC—Power. +5 Vdc. 
GND-Ground (V,¢). 


Figure 3. DDFDC Block Diagram | 


VO 
BUFFERS 


DO-D7 Ce 


CONTROL 


Tc DMA 
CONTROL 


INTERNAL BUS 


| 


vcc 
GND 


DDFDC REGISTERS 


The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may .be 
accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


RDW 
RDD 
vco 


SERIAL 
READ 


CONTROL 


WCK 
WDA 

WE 

PSO, PS1 


SERIAL 


RDY 
IDX 
WP/TS 


DRIVE FLT/TRKO 


INTERFACE 
CONTROL LCT/DIR 
FR/STP 

RW/SEEK 


HDL 
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The relationship between the status/data registers and the WR, 
RD and AO signals is shown below. 


Function 


0 0 0 Illegal 

0 0 1 Read Main Status Register 
0 1 0 Illegal 

1 0 0 Illegal 

1 0 1 Read from Data Register 


i l l Write into Data Register 
0 = Low, 1 = High 


Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions that 
follow Table 2. 


REGISTER DEFINITIONS 
Main Status Register (MSR) 


The Main Status Register (MSR) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and RQM getting set or reset is 
12 ys. For this reason, every time the MSR is read the processor 
should wait 12 us. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (DDFDC Busy) 
goes low is also 12 us. 


The DIO and RQM timing chart is shown in Figure 4. 


MSR 
7 RQM -—Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 


MSR 
6 DIO —Data Input/Output. 
0 Data transfer is from system to the Data Register. 
1 Data transfer is from Data Register to the system. 
MSR 


5 EXM -—Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 
1 Execution phase started. 


4 CB —Controller (ODDFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 DDFDC is busy, will not accept a command. 


VL6765 | 


MSR 
3 D3B  —Floppy Disk Drive (FDD) 3 Busy. 
0 FDD 3 is not busy, DDFDC will accept read or write 
command. 
1 FDD 3 is busy, DDFDC will not accept read or write 
command. 
MSR 
2 D2B =-—FDD 2 Busy. 
0 FDD 2 is not busy, DDFDC will accept read or write 
command. 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
1 D1iB —FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read. or write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or write 
command. 
MSR 
0 DOB -—FDD 0 Busy. 
0 FDD 0 is not busy, DDFDC will accept read or write 
command. 
1 FDD 0 is busy, DDFDC will not accept read or write 
command. 


Status Register 0 (STO) 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 


STO , 

7 6 1C —Interrupt Code. 

0 0 Normal Termination (NT). Command was properly exe- 
cuted and completed. . 

0 1 Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 

1 0 Invalid Command (IC). Received command was invalid. 

1 1 Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 

STO 

5 SE —Seek End. 


0 Seek command is not completed. 
1 Seek command completed by DDFDC. 


STO 
4 EC —Equipment Check. 
0 No error. - 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
command). 
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Table 1. DDFDC Status Register Bit Assignments 


Main Status Register (MSR) a 7 
RQ 

Status Register 0 (STO) 

Status Register 1 (ST1) - 

Status Register 2 (ST2) | E 

Status Register 3 (ST3) . 0 
FL 


. Bit Number %, 
Ee i Oe eee a A 20 
ete fe fm fe Fat 
US1 USO 
po fe rT MA 
| oD pete 


Table 2. Command Symbol Description 


Symbol 
AO Address Line AO 
D 
DO-D7 Data Bus 
DTL Data Length 
EOT End of Track 
GPL Gap Length 
H Head Address 
HD (H) Head 

Head Load Time 
HUT Head Unload Time 
MF FM or MFM Mode 


MT Multi-Track 


N Bytes/Sector 

ND Non-DMA Mode 

NTN New Track Number 
PTN Present Track Number 
R Record (Sector) 

R/W Read/Write 

ST Sectors/Track 


< 
r 
4 


SRT Step Rate Time 


STO Status 0 
ST1 Status 1 
ST2 Status 2 
ST3 Status 3 


STP Sector Test Process 


Track Number 


USO,US1 Unit Select 


— 


Description 
Controls selection of Main Status Register (AO = low) or Data Register (AO = high). 
The data pattern which is going to be written into a sector. . 
8-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 
When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


The final sector number on a track. During read.or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 


The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gap 3. nae 


Head number 0 or 1, as specified in ID field. 

A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words). 
The head load time in the FDD (2 to 254 ms in 2 ms increments). 

The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 
When MF = 0, FM mode is selected; and when MF = 1, MFM mode is selected. 


When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. 


The number of data bytes written in a sector. 

When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 
A new track number, which will be reached as a result of the Seek command. Desired head position. 
The track number at the completion of Sense Interrupt Status command. Present head position. 

The sector number to be read or written. 

Either read (R) or write (W) signal. 

The number of sectors per track. 

Skip Deleted Data Address Mark. 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(F = 1 ms, E = 2 ms, etc.) 


Four registers which store the status information after a command has been executed. This information 
is available during the result phase after command execution. These registers should not be confused 
with the Main Status Register (selected by AO = low). STO-ST3 may be read only after a command has 
been executed and contain information relevant to that particular command. 


During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP = 02, then alternate sectors are read and 
compared. 


The current/selected track number of the medium (0-255). 
A selected drive number (0-3). 
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STO 

3 NR —Not Ready. 

0 FDD is ready. 

1 FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 

STO 
2 HD —Head Address. (At Interrupt). 


0 Head Select 0. 
1 Head Select 1. 


STO 

1 0 US —Unit Selected. (At Interrupt). 
0 0 FDD 0 selected. 

0 1 FDD 1 selected. 

1 #0 FDD 2 selected. 

1 $1 FDD 3 selected. 


Status Register 1 (ST1) 


7 ~+EN —End of Track. 

0 No error. 

1 DDFDC attempted to access a sector beyond the last 
sector of a track. 


ST1 

6 —Not Used. Always Zero. 
ST1 

5 DE —Data Error. 


0 No error. 
1 DDFDC detected a CRC error in ID field or the Data field. 


ST1 
4 OR —Overrun. 
0 No error. 
1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 
ST1 
3 —Not Used. Always Zero. 
ST1 


2 ND —No Data. 
0 No error. 
1 3 possible errors. 


1. DDFDC cannot find sector specified in the Internal Data 
Register (IDR) during execution of Read Data, Write 
Deleted Data or Scan commands. 


2. DDFDC cannot read ID field without an error during 
Read ID command. 


3. DDFDC cannot find starting sector during execution 
of Read a Track command. 
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T1 

1 NW Not Writable. 

0 No error. 

1 DDFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 


” 


T1 

0 MA —Missing Address Mark. 
0 No error. 

1 < possible errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. 


Status Register 2 (ST2) 
ae Ca ae 
| 9 | cM | 0D | 


| 


ST2 
7 —Not Used. Always Zero. 
ST2 
6 CM —Control Mark. 
0 No error. 
1 DDFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 
$T2 
5 DD —Data Error in Data Field. 


0 No error. 
1 DDFDC detected a CRC error in the Data field. 


ST2 

4 WT —Wrong Track. 

0 No error. 

1 Contents of T on the disk is different from that stored in 

IDR. Bit is related to ND (Bit 2) of Status Register 1. 

ST2 

3 SH —Scan Equal Hit. 

0 No ‘equal’ condition during a scan command. 

1 “Equal” condition satisfied during a scan command. 
$ST2 

2 SN —Scan Not Satisfied. 


0 No error. 
1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 
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1 BT ——Bad Track. 

0 No error. 

1 Contents of T on the disk is different from that stored in 
the IDR and T = FF. Bit is related to ND (Bit 2) of Status 
Register 1. 


—Missing Address Mark in Data Field. 

0 No error. 

1 DDFDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 


Status Register 3 (ST3) 


EAR tees 


Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 


ST3 
7 “FLT —Fault. 
0 Fault (FLT) signal from the FDD is low. 
1 Fault (FLT) signal from the FDD is high. 


ST3 
6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 
1 Write Protect (WP) signal from the FDD is high. 


ST3 
5 RDY =—Ready. 
0 Ready (RDY) signal from the FDD is low. 
1 Ready (RDY) signal from the FDD is high. 


ST3 ” 
4 TRKO W—Track 0. 
0 Track 0 (TRKO) signal from the FDD is low. 
1 Track 0 (TRKO) signal is from the FDD is high. 


ST3 | 
3 TS —Two Side. 
0 Two Side (TS) signal from the FDD is low. 


1 Two Side (TS) signal from the FDD is high. 


Head Select (HD) signal to the FDD is low. 


+ 
2 HD —Head Select. 

0 

1 Head Select (HD) signal to the FDD is high. 


1 US1 —Unit Select 1. 
0 Unit Select 1 (US1) signal to the FDD is low. 
Unit Select 1 (US1) signal to the FDD is high. 


1 

T 

0 USO —Unit Select 0. 

0 Unit Select 0 (USO) signal to the FDD is low. 
1 


COMMAND SEQUENCE 


The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the command 
may be a multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the system, each command consists of three phases: 


Command Phase—The DDFDC receives all information 
required to perform a particular operation from the system. 


Execution Phase—The DDFDC performs the instructed 
operation. 


Result Phase—After completion of the operation, status and 


other housekeeping information are made available to the system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the » 
order shown for each command sequence. That is, the command 
code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DDFDC, the execu- 
tion phase starts. Similarly, when the last byte of data is read out 
in the result phase, the command is ended and the DDFDC is 
ready to accept a new command. A command can be terminated 
by asserting the Terminal Count (TC) signal to the DDFDC. This 
ensures that the processor can always get the DDFDC’s atten- 
tion even if the command in process hangs up in an abnormal 
manner. 


COMMAND DESCRIPTION 


READ DATA 


A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a ‘“‘Multi-Sector Read Opera- 
tion.”” The Read Command terminates after reading the last data 
byte from sector R when R = EOT. STO bits 7 and 6 are set to 
0 and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a high 
Terminal Count (TC) signal. TC should be issued at the same 
time that the DACK for the last byte of data is sent. Upon receipt 
of TC, the DDFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CRC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter- 
minates the Read Data command and sets bits 7 and 6 in STO 


Unit Select 0 (US1) signal to the FDD is high. 
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to 0. The amount of data which can be handled with a single com- 
mand to the DDFDC depends upon MT (Multi-Track), MF 
(MFM/FM), and N (Number of Bytes/Sector) values. Table 3 shows 
the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
one track {the same track) on each side of the disk. 


When N = 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When N is nen-zero (MFM mode), DTL has no meaning and 
should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive to 
another. 


if the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to O and 1, respectively, and ter- 
minates the Read Data command. 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 if 
a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 


Table 3. DDFDC Transfer Capacity 


if the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK = 0), then the DDFDC reads ail the data in 
the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field are not checked when 
SK = 1. 


During disk data transfers from the DDFDC to the system, the 
DOF OC must be serviced hy the svstem within 27 us in the FM 


~ mode, and within 13 ps in the MFM mode, otherwise the DDFDC 


sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the ?.!T bit in the first command byte and the 
End of Track (EOT’ byte. Table 4 shows the values for Track 


. Number (T), Head Number (H), Sector Number (R), and Number 


of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Phase: 


m lerel7[*]*[[3]2[ 7] 2 
w 11 [wrwefecfefep af + fe 
X HD | US1 | USO 


Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Data Length (DTL) 


OPn oi ntl! fj) oyn!] =~ 
m 


Multi-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read 
(MT) (MF) (N) (Bytes/Sector) (Number of Sectors) from Disk 
0 0 00 (128) (26) = 3,328 26 at Side 0 
0 1 01 (256) (26) = 6,656 or 26 at Side 1 
1 0 00 (128) (52) = 6,656 ; 
01 (256) (52) = 13,312 pores 
0 0 01 (256) (15) = 3,840 15 at Side 0 
0 1 02 (512) (15) = 7,680 or 15 at Side 1 
1 0 01 (256) (30) = 7,680 ; 
1 1 02 (512) (30) = 15,360 er 
0 0 02 (512) (8) = 4,096 8 at Side 0 
0 1 03 (1024) (8) = 8,192 or 8 at Side 1 
1 0 02 (512) (16) = 8,192 : 
(1024) (16) = 16,384 piacvan 
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Table 4. DDFDC Command Termination Values 


Command Phase !D 2 
Final Sector Transferred 


Result Phase ID 


Multi- No. of 
Track to/from Data Bus Data Bytes _ 
(MT) (N) 

a Ne 
Notes: 


1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


Result Phase: 


R 


Status Register 0 (STO) 

Status Register 1 (ST1) 

Status Register 2 (ST2) 

Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 


WRITE DATA 


A command set of nine bytes places the DDFDC in the Write Data 
mode. After the Write Data command has been received the 
DDFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the DDFDC transfers data from the data bus to 
the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a high on Terminal 
Count (TC). If TC is sent to the DDFDC while writing into the cur- 
rent sector, then the remainder of the Data field is filled with 00 
(zeros). In this case, STO bits 7 and 6 are set to 0 and the com- 
mand is terminated. 


The DDFDC reads the ID field of each sector and checks the CRC 
bytes. If the DDFDC detects a read error (incorrect CRC) in one 


of the ID fields, it terminates the Write Data command, sets the 
DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to 0 and 1, 
respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


e Transfer Capacity 

e End of Track (EN) flag 

e¢ No Data (ND) flag 

e Head Unload Time (HUT) interval 


e!D information when the processor terminates command 
(see Table 4) 


¢ Definition of Data Length (DTL) when N = 0 and whenN + 0 
In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 us in the FM mode, and within 13 us 
in the MFM mode. If the time interval between data transfers is 
longer than this, then the DDFDC terminates the Write Data com- 


mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
7 and 6 in STO to O and 1, respectively. 


Command Phase: 


aw eve? [8 [*[@[?] +] 0 
w [+ [wr[wr fo fofof + fo | 
2px fx Px [x [x [a [ust [aso 


Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
7 End of Track (EOT) | 

Gap Length (GPL) 

Data Length (DTL) 
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Result Phase: 

R Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (T) 
Head Number (H) 


Sector Number (R) 


| 7 | Number ot Data Bytes per Secior (iN) 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase 
Rw | BYTE| 7 | 6 Ey 0 
W 1 


Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Data Length (DTL) 


Result Phase: 
R Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (T) 
Head Number (H) 


Sector Number (R) 


Number of Data Bytes per Sector(N) 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


Command Phase: 


Track Number (T) 
Head Number (H) 
Sector Number (R) 
Number of Data Bytes per Sector (N) 
End of Track (EOT) 
Gap Length (GPL) 
Data Length (DTL) 


Result Phase: 


P 


Status Register 0 (STO) 

Status Register 1 (ST1) 

Status Register 2 (ST2) 

Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 


READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 


if the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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Command Phase: ecrerr 

aw [eve [7 [6] 5 
w [+ [o[w[xfofofo| +]. 

Track Number (T) 

4 Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 

7 End of Track (EOT) 

Gap Length (GPL) 

Data Length (DTL) 


Result Phase: 
R Status Register 0 (STO) 
2 Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (T) 
Head Number (H) 
Sector Number (R) 


7 Number of Data Bytes per Sector (N) 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. . 


If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are set 
to 0 and 1, respectively and the command is terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 


Command Phase: 


Status Register 0 (STO) 
Status Fiegister 1 (ST1) 
Status Register 2 (ST2) 


Head Number (H) 
Sector Number (R) 


= 
ca 
Eas 
I ae Track Number (T) 
aes 
| 6 


Number of Data Bytes per Sector (N) 
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FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density IBM System 34 format (MF = 1) or the single- 
density IBM 3740 format (MF = 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the DDFDC asserts Interrupt 
Request (INT) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (1), 
Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, R 
contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to O. 


If the Fault (FLT) signal is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 


Command Phase: 


rw |evte| 7 | 6/5 |4{3/ 2] 1 | 0 
wo {it {om ofoli{s | o | i 
2 | x | x | x [x] x] bo | ust | uso 
Ce. 4 Number of Bytes per Sector (N) 
| 4 | Sectors per Track (ST) 
Pe Gap Length (GPL) | 
cee Data Pattern (D) 


Table 5. Standard Floppy Disk Sector Size Relationship 


Gap Length (GPL)4 


Read/Write Format 
Command! Command? 
07 1B 


No. of 
Sectors/Track 


No. of Data 
Bytes/Sector 


Sector Size 
Bytes/Sector 


Notes: 

1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 
2. Suggested values of GPL in Format a Track command. 

3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 

4. Values of ST and GPL are in hexadecimal. 


Result Phase: SCAN COMMANDS 


A Status Register 0 (STO) The scan commands compare data read from the disk to data 
peed Status Register 1 (ST1) supplied from the data bus. The DDFDC compares the data, and 

looks for a sector of data which meets the conditions of Depp = 

Le pies Feo sel Fete) Deus, Depp <= Deus; Or Depp = Deus (D = the data pattern in 
oe Track Number (T)* hexadecimal). A magnitude comparison is performed (FF = 
Ve Head Number (H)* largest number, 00 = smallest number). The hexadecimal byte 

ee Sector Number (F)* of FF either from the bus or from FDD can be used as a mask 

byte because it always meets the condition of the compare. After 

Number of Data Bytes per Sector (N)* a whole sector of data is compared, if the conditions are not met, 

* The ID information has no meaning in this command. the sector number is incremented (R + STP — R), and the scan 
Operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 

(equal, low or equal, or high or equal), the last sector on the track 

is reached (EOT), or TC is received. 
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If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and terminates 
the command. The receipt of TC from the processor or DMA con- 
troller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 


Table 6. Scan Status Codes 


Status Register 2 


0 1 
1 0 D 

1 

0 

| 0 

0 1 
0 0 D 

1 0 


Command Comments 


Scan Equal 


Scan Low or Equal 


Scan High or Equal 


lf SK = 0 and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 


When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 
tor on the track must be read. For example, if STP = 02, MT 
= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21. Sectors 21, 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before the EOT value of 26 can be read. 
This results in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus in less than 27 ys (FM mode) or 13 us (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 
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SCAN EQUAL 


Command Phase: 


ww [eve|7[s[s[*[a[?] +] 0 
, 


WwW 


| a [wT [ Mel sk [1 {ol o | 0 


& 


Result Phase: 


R 


1 


ie) 


N 


Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Sector Test Process (STP) 


Status Register 0 (STO) 

Status Register 1 (ST1) 

Status Register 2 (ST2) 

Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 


SCAN LOW OR EQUAL 


Command Phase: 


rw [eve | 7 | 6 | 5 |4[3| 2 


1 


Result Phase: 


R 


—_ 


oe 
pur | we {sk} i]s | o | o | 
| 2 | x | x | x |x] x] do | ust ju 


- Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 


- Sector Test Process (STP) 


Status Register 0 (STO) 

Status Register 1 (ST1) 

Status Register 2 (ST2) 

Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 


+ | oOo 
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SCAN HIGH OR EQUAL 


Command Phase: 


eC Cacao 
2 | x | x | x |x] x] HD} us 


Track Number (T) 
Head Number (H) 

Sector Number (R) 
Number of Data Bytes per Sector (N) 
End of Track (EOT) 
Gap Length (GPL) 
Sector Test Process (STP) 


Result Phase: 
R 1 Status Register 0 (STO) 
2 Status Register 1 (ST1) 
3 Status Register 2 (ST2) 
Track Number (T) 
Head Number (H) 
Sector Number (R) 
Number of Data Bytes per Sector (N) 


~“ 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has four independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


lf PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FDD 
to cause the read/write head to step in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 


The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
is issued, NTN is compared against PTN. When NTN = PTN, 
then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 
in STO are set to 0, and the command is terminated. At this point 
DDFDC asserts INT. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
toa 1. 


After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 


During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to 0 to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, tc indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to 0 and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 
150 ys, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. | 


Command Phase: 


rw | pyre | 7 | 6 | s [4i3} 2] 4 | 
| Re Paes eee 


New Track Number (NTN) 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 
STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and 
terminates the command. 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt Request (INT) is asserted by the DDFDC when any of 
the following conditions occur:. 


1. Upon shibiiio the result phase of: 
. Read Data command 

. Read a Track command 

Read ID command 

Read Deleted Data command 
Write Data command 

Format a Track command 

. Write Deleted Data command 

. Scan commands 


. Ready (RDY) line from the FDD changes state 
. Seek or Recalibrate command termination 
4. During execution phase in the Non-DMA mode 


zsamoa0NTD 


© NO 


INT caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


The Sense Interrupt Status command is used in conjunction with 
the Seek and Recalibrate commands which have no result phase. 
When the disk drive has reached the desired head position the 


DDFDC asserts interrupt output. The host CPU must then issue. 


a Sense Interrupt Status command to determine the actual cause 
of the interrupt, which could be Seek End or a change in ready 
status from one of the drives (see example in Figure 4). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Table 7. STO Seek and Interrupt Code Dennen’ for 
Sense Interrupt Status 


Status Register 0 
(STO) Bits 


Interrupt Code 
| (iC) 


Cause 


7 | 6 

1 1 RDY line changed 
state, either polarity 

0 Normal termination of 


Seek or Recalibrate 
command 


Abnormal termination of 
Seek or Recalibrate 
command 
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Command Phase: 


Result Phase: 


R ete 4 Status Register 0 (STO) 
Present Track Number (PTN) 


SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the read/ 
write commands to the head unload state. This timer is program- 
mable from 16 to 240 ms in increments of 16 ms (1 = 16 ms, 
2 = 32 ms,...F = 240 ms). | 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 16 ms 
in increments of 1ms (F = 1 ms, E = 2ms, D = 3ms,... 
0 = 16 ms.) | 


The Head Load Time (HLT) defines the time between the Head © 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6™ms,... 
7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 
are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 


_Raw ee 0 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT -—- Head Load Time 
ND — Non-DMA mode 


Result Phase: None. 


Figure 4. Sense Interrupt Status 
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}~=_—_——- Seek (or Recalibrate) Command —_——»+-= Sense Interrupt Status Command -~ 
— Command Phase —=|~<— Execution Phase -—+=Command Phase={— Result Phase =} 


INT __| | 
l ; 
cS il | 


» UNUM. 


un UM ur 


ae! (inal | ced | aes aaa ican 
edie = Ie 


rou fT Ln 


OP CODE FOR 
INSTRUCTION 
WRITTEN 
INTO DDFDC 
HD/DRIVE NOT 
WRITTEN 
INTO DDFDC 
NTN WRITTEN 
INTO DDFDC 


SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (ST3) is returned in the result phase and con- 
tains the drive status. 


Command Phase: 


fee[7[@[s|*[[?] +] 0 
P+ fofelefofofi fo]. 


Result Phase: 


R Status Register 3 (ST3) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and RQM) in the MSR are both set to a 1 indicating 
to the processor that the DDFDC is in the result phase and that 
STO must be read. A hex 80 in STO indicates that an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a standby or no opera- 
tion state. 


PTN READ BY 


REGISTER STO 
CPU 


READ BY 


OP CODE FOR 
INSTRUCTION 
CPU 


WRITTEN 
INTO DDFDC 


STATUS 


Command Phase: 


pevre | 7 je ]sjajajets]o 


1 invalid Codes 


Result Phase: 


R Status Register 0 (STO) = 80 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 us before reading the MSR. Bits 6 
and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase. All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 


—_— eee 
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Figure 5. DDFDC and System Data Transfer Timing 


_DATA IN/OUT _ 
(DIO) 
(MSR BIT 6) 


REQUEST 
FOR MASTER 
(RQM) | 

- (MSR BIT 7) 


READY 


NO? 
| READY | 
H ‘ 


WRITE (WR) 


READ (RD) 


FROM DDFDC TO DATA BUS 


_ FROM DATA BUS TO DDFDC 


NOTES 


[a | DATA REGISTER READY TO BE WRITTEN INTO 
DATA REGISTER NOT READY TO BE WRITTEN INTO 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on pin 18. When the DDFDC is in Non-DMA mode, INT is asserted 
during the execution phase. When the DDFDC is in the DMA 
mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of data to the DDFDC. 
A further explanation of the INT signal.is described in the Sense 
Interrupt Status command on page 16. If the system cannot 
handle interrupts fast enough (within 13 us for MFM mode or 27 ys 
for FM mode), it should poll bit 7 (RQM) in the MSR. In this case, 
RQM in the MSR functions as an Interrupt Request (INT). If the 
RQM bit is not set, the Over Run (OR) flag in ST1 will be set to 
a 1 and bits 7 and 6 of STO will be set to a 0 and 1, respectively. 


DMA MODE 


When the DDFDC is in the DMA mode (ND = 0 in the third com- 
mand byte of the Specify command), DRQ (DMA Request) is 
asserted during the execution phase (rather than INT) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts DRQ as each byte 
of data is available to be read. The DMA controller responds to 
this request with DACK low (DMA Acknowledge) and RD low 
(read). When DACK goes low the DMA Request is reset (DRQ 
low). After the execution phase has been completed (TC high or 


[c] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
[0 | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 


the EOT sector is read), INT is asserted to indicate the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, INv is reset low. 


During a write command, the DDFDC asserts DRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK (DMA Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning of 
the result phase. When the first byte of data is read during the 
result phase, the INT is reset low. 


FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD’s looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts INT. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 1.024 ms 


except during read/write commands. 
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Figure 6. DDFDC Formats 


FM MODE 


Figure 7. DDFDC Formats 


INDEX 


Ce ag ee ee pee Cae 
rorwat [GaP aa] iam [GaP] © [ear] ava [oars] 0) 
VCO SYNC es eireen cites 
WE aan ea aa a 
NOTE: READ 
~——— WRITE 


4-119 


gm VL6765 


Figure 8. VL6765 DDFDC Interface to Z80 


MEMORY 
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ROW 
MFM 


DATA 
vco 
PSO 
| —PSt a IpRE.comp 
| WDA sg 


WP/TS 


FR/STP 


LCT/DIR 


ROY 
WE 
ILDX 
HOL 
HD 
USO 


READ DATA 


WRITE DATA 


WRITE PROTECT 
TWO-SIDE 
FAULT 

TRACK 0 

FAULT RESET 
STEP 

LOW CURRENT 
DIRECTION 


READY 

WRITE ENABLE 
INDEX 

HEAD LOAD 
HEAD SELECT 
UNIT SELECT 0 
UNIT SELECT 1 
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Figure 9. Clock Timing 


CLK 


Figure 10. Read Cycle Timing 


Ao, G5 ae 


oe Do-07 . id 
Do-D7 
INT 


Figure 11. Write Cycle Timing 
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Figure 12. DMA Operation Timing 


DRQ 


DACK 


WR OR RD 


Figure 13. FDD Write Operation Timing 


WRITE CLOCK © 


(WCK) @ 6 | 5 


WRITE ENABLE | 
(WE) 


PRESHIFT 0 OR 1 
ips0.PSis a. i ay 


WRITE DATA 
(WDA) 


Figure 14. FDD Read Operation Timing 
READ DATA (RDD) 


READ DATA WINDOW (RDW) 


NOTE: 
EITHER POLARITY DATA WINDOW iS VALID 
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Figure 15. Seek Operation Timing 


USO, US1 


STABLE 


___ SEEK 
(RW/SEEK) 
DIRECTION 
(LCT/DIR) 
STEP 
(FR/STP) 
"- 
Figure 16. Fault Reset Timing Figure 17. Index Timing 
INDEX 
FAULT RESET (IDX) 
i @+-@ 
Figure 18.. Terminal Count Timing Figure 19. Reset Timing 
14 pone 
TERMINAL COUNT pal | 
(TC) | 


©) 
4_ 
4 
® 


| 
1 | 
—} — 


Figure 20. AC Timing Measurement Conditions 


INPUT/OUT TEST POINT CLOCK TEST POINT 


2.0V“/ 2.0V 


0.8V_—0.8V 


INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1” AND 0.3V FOR A 
A LOGIC ‘‘0:? TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC ‘“‘0:’ TIMING MEASUREMENTS ARE MADE AT 2.4V FORA 
A LOGIC ‘1’ AND 0.8V FOR A LOGIC “0” LOGIC ‘‘1”’ AND 0.65V FOR A LOGIC ‘0: 
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AC CHARACTERISTICS 


(Veco = 5.0 Vde +5%, Vgg = 0 Vdo, Ty = 0°C to 70°C) 


Ref. Test 
Fig. Characteristic Symbol Typ. Conditions 
: = 
ee scree sii 
[2 [ciockHigh —SC*id tc PP vs CLK = 
8 . 
3 [Clock Rise Time ———SSSS~S~S tes Pw | 
4 [Clock Fat Time S~wd tony Pe fe 
A, CS, DACK Valid to RD Low (Setup) oe oR ee a 
|_6 | RD High to Ao, CS, DACK Invalid (Hold) | tes | tea | 0 | ~ | = | ns | 
j RD Low Width pte tee 2 ne 
[| RD Low to Data vad (access tay | to [=| =| 200 [me | ya 
|_9 | RD High to Output High Z 20 pS Ls | ; 
= [= [800 [ns [CLK = 8 whe 
AO, CS, BACK Valid to WA Low (Setup) | town | tw | 0 | — | — | ns | 
12 | WR High to AO, CS, DACK Invalid (Hold) twHsu twa ns 
CS, DACK ns 
(3 maa e si 
[14 | Data Valid to WA High (Setup) ice ee ee 
WA High to Data Invalid (Hola) Scere 
"6 [WA High toINT High ice Oe a 
DRQ Cycle Time es a 
| 18 | DRQ High to RD, WR High (Response) ee ee eee ee us 
ve 19 DACK Low to DRQ Low (Delay) tam = 200 | . 
DRQ High to DACK Low (Delay) tua 200 — tcy = 125 ns 
DRQ High to RD Low (Delay) Gita lun 800 eat ee 
S — 
WOK High With 250 | 960 | ns 
WCK Rise Time ee a ee ee ee 
12 [26 [WOK FallTime Stags Pt | 2 
(25 | WCK High to PSO, PSI Valid (Delay tev [top | 20 [| — | 100 | ne 
25a | WCK High to WE High (Delay ease ie tee? a ee 0, ona 
WCK High to WDA High io | 2 | 100 | ns 
[27 | WDA High With ie teh eeO) = ee Te 
ee et 
; s = 
" ROW Valid to RDD High (Setup) | twan | twa | 1 | — | = | ns | 
RDD Low to ROW Invalid (Hold) Ec a i aa = 
RDD High Width eae ee ee ee 
| 35 _| USO, USI Valid to SEEK High (Setup) | tuvsy | tus | 2 | | os 
36_| SEEK Low to USO, USI Invalid (Hold) | tu | teu =| 8 | | Os | 
37_| SEEKHightoDIR Valid (Setup) | tsuy | to =| 7 | =~ | = | ss 
14 {38 DR invaid © SEEK Low Ho) tows | tos Pos | ag gai 
DIR Valid to STP High (Setup) ree ES cae a (AR ee ee 
STP Low to DIR Invalid (Hold) for a a oe ee 
ee ee ee eee eee 
ra STP High With ——SS~d tres | te | 
|43 | stPCycleTime | trey | tee | 887 | note as 
15 | 44 | FRHighWidth tee tee | TO Tt | 
17_[ 46 [TC High Wieth Ges Re ea 
8_[.47_[ RSTHigh With Si te | tree ty 


1. ts¢ = 33 ys min. is for different drive units. In the case of the same unit, tgc Can range from 1 ms to 16 ms with 8 MHz clock 


period, and 2 ms to 32 ms with 4 MHz clock, under software control. 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 


"NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
Supply voltage is a stress rating only and functional operation of the device at 
Input Voltage these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 
reliability. 


Output Voltage 


Operating Temperature Range 


"Storage Temperature Range | Tst¢ | — 55 to +150 | ce 
OPERATING CONDITIONS 


Parameter Range 
5.0V +5% 


0°C to 70°C 


Voc Power Supply 


Operating Temperature 


DC CHARACTERISTICS 
(Vcc = 5.0 Vde +5%, Vsg = 0 Vdc, Ty = 0°C to 70°C, unless otherwise noted) 


Input Low Voltage Vin | V 
Logic 0.8 
CLK and WCK 0.65 
Input High Voltage Vin V 
Logic Vec + 0.5 
CLK and WCK Voc + 05 
Output Low Voltage Voi Lt 0.45 Voc = 4.75V, lo, = 2.0 mA 
Output High Voltage Ve Voc Voc = 4.75V, lox = —200 pA 
High Level Output Leakage Current lLon 10 pA Veco = OV to 5.25V, Vsg = OV 
Vout = Vec 
Low Level Output Leakage Current lon -—10 pA Veco = OV to 5.25V, Vsg = OV 
Vout = +0.45V 


CAPACITANCE 
(T, = 25°C; f, = 1 MHZ; Voc = OV) 


Parameter 


Clock Input 


Output 


Note: All pins except pin under test tied to ground. 
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VL6845 CRT CONTROLLER FAMILY AND 
VMC68C45 MEGACELL DESIGN KIT 


FEATURES e Character clocks up to 5 MHz controllers while the VL68C45 family 

e CRT Controller Family— e Bus clocks u allows designs to consume less power 
p to 3 MHz 
Rev E compatibility with SY6845E DESCRIPTION through the use of CMOS technology. 
CMOSversionsavalable: «TRE VL6B45XandVL6BC45Xare =the Motorola and Fitach amiliee the 
CMOS Rev R compatible with a family of CRT controllers that are VL68C45R also contains enhance- 
MC6845R1, MC6845 and wicely Ueed in Dot Ot Mmappedand ments found in the MC6845R1. These 
MC 146845 CMOS Rev S compatible character-mapped applications for enhancements aliow for higher reSolu- 
with HD6845S both terminals and personal comput- tion displays without extra external 
ers. The VL6845 family offers compati- hardware 
e Internal refresh address generation _ility with the Motorola family of HMOS 
PIN DIAGRAM SYSTEM DIAGRAM 
VL6845R/E 
VL68C45R/S 


VIDEO TIMING CONTROL 


LPSTB VIDEO MONITOR 


CRTC 


HOST VL6845 fi." ff 
cpu MAO- NG | , ; 
¢ Su VIDEO 


PEN 


25 2) ees |S | ee: 


(L DoT 
OUNTER 


NTERFACE! 


ORDER INFORMATION 
Part | Clock Frequency | | Clock Frequency | Part Clock | Clock Frequency | 


Number [Bus Character | Number [Bus | Character | Package 


VL6845R-23 VL6845E-33 
VL68C45R-23 3 MHz VL6845R-33 3 MHz 
VL68C45S-23 VL68C45R-33 To speci 
pecify package type, 
VL6845E-24 ne VL68C45S-33 add the appropriate suffix 
VL6845R-24 VL6845E-34 to the part number: 
VL68C45R-24 4MNZ | vussasn-34 | SMM) | pc = Plastic DIP 
VL68C45S-24 VL68C45R-34 CC = Ceramic DIP 
VL68C45S-34 QC = Plastic Leaded ~ 
VL68C45R-35 5 MHz 
VL68C45S-35 


Note: Operating temperature range: 0°C to +70°C. 
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PIN DESCRIPTIONS 
Pin Pin 

Pin Number Name > Description 

MPU Interface 

E 23 Enable Input that is used as adata strobe; does not have to be a free- running clock. 
7 This capability allows the vines to interface with other ea 

, microprocessors. 
R/W 22 Read/Write —siInput that, when HIGH, allows the processor to read the data sipped ay the 
Control VL6845; when this signal is LOW, the processor writes into the VL6845. 
cs 25 Chip Select Input that, when HIGH, deselects VL6845; when this signal is LOW, the VL6845 


is selected. This signal is typically connected to the system address bus either 
directly or through an address decoder. 


RS 24 Register Select Input that, wnen LOW, selects the Address Register of the VL6845 for awrite 
operation. When this signal is HIGH, an internal register of the VL6845 specified 
by the contents of the address register is selected. 


DO-D7 26-33 Data Bus Eight bidirectional data lines that are used for transferring data between the 
microprocessor and the VL6845. These lines are normally high-impedance, 
except during read and write ayers when the chip is selected. 


Video senor Character Generator Interface 


CCO/MAO- 4-17 VideoMemory _ Active-HIGH output signals that are used to address the video display memory 
CC5/MA13 Address in binary addressing mode. These memory addresses are generated in a binary 
sequential fashion. 


In row/column addressing mode, MA0O-MA7 function as column addresses, and 
MA8-MA13 function as row addresses. 


RAO- 34-38 Raster Address Active-HIGH output signals that are used as address lines to the external 
RA4/STB character generator ROM. 
In the transparent a mode, RA4 functions as an active- HIGH output 
strobe. . 
HSYNC 39 Horizontal Sync Active-HIGH, TTL-compatible output signal that is used to determine the 


horizontal position of the displayed text. HSYNC may drive a CRT monitor 
directly or may be used for composite video generation. Position and wall of 
HSYNC width are fully programmable. 3 


VSYNC 40 Vertical Sync Active-HIGH, TTL-compatible output signal that is used to determine the vertical 
position of the displayed text. VSYNC may be used to drive a CRT monitor 
directly or may be used for composite video ponanoy VSYNC a is fully 
programmable. 


DISPLAY 18 Display Enable TTL-compatible output that, when HIGH, indicates that the VL6845 is generating 
active display information. The number of horizontal displayed characters and 
the number of vertical displayed rows are both fully programmable and kogetver 
are used to generate the Display Enable signal. 


CURSOR 19 Cursor TTL-compatible output that when HIGH, indicates a valid cursor address to the 


external video processing logic. . 
LPSTB 3. Light Pen Strobe HIGH-impedance, edge- -sensitive input sional that latches the current rafeah: 
address into the light pen register. Latching occurs on the LOW-to-HIGH 
| transition edge. 
CCLK 21 Character Clock Input signals derived from the external dot clock, that is used as the time base © 
: for all internal count and control functions. 
RES 2 Reset Input signal that when LOW, resets all internal counters. All scan and video 


outputs are LOW and all control registers are unaffected. RES can be used to 
synchronize disp display frame ng with the line frequency. 


VCC 20 Supply Voltage 5 V supply 
GND tT Ground Supply and signal ground 
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VL6845 FAMILY 

FUNCTIONAL DESCRIPTION 
The VL6845 CRT Controller (CRTC) 
consists of programmable horizontal 
and vertical timing generators, pro- 
grammable linear address registers, 
programmable cursor logic, a light pen 
capture register and control circuitry for 
interface to a processor bus. 


All CRTC timing is derived from the 
character clock (CCLK), which is usu- 
ally the output of an external dot rate 
counter. Coincidence circuits internal 
to the chip continuously compare 
counter contents to the programmed 
register file (RO-R17) for generation of 


Horizontal Sync, Vertical Sync, Display — 


Enable, Cursor and other signals re- 
quired to interface to a CRT display. 


The linear address generator is also 
driven by the CCLK and locates the 
positions of characters in memory with 
respect to their positions on the screen. 
Fourteen address lines, MAO-MA13 
are available for addressing up to 16K 
characters of memory. The CRTC ad- 
dresses the memory in the binary se- 
quential fashion. Using the start ad- 
dress register, hardware scrolling 
through the 16K character memory is 
possible. The linear address generator 
continues to increment during the 
blanking period, so memory refresh 
can be performed during the blanking 
periods. The linear address generator 
repeats the same sequence of 
addresses for each scan line of a 
character row. Although the linear 
address generator continues to 
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increment during the horizontal and 
blanking periods, the correct 

address for the first displayed 
character or row is always maintained. 


The Cursor logic determines the 
cursor location, size and blink rate on 
the screen. 


The Light Pen Strobe latches the cur- 
rent contents of the address counter 
into the light pen register on LOW-to- 
HIGH transition. 


INTERLACE MODE 
SELECTION 

In the normal sync mode (non- 
interlace), only one field is available, 
as shown in Figure 1a. Each scan line 
is refreshed at the VSYNC frequency 
(50 or 60 Hz). | 


Two interlace modes are available as 
shown in Figure 1b and Figure 1c. The 
frame time is divided between even 
and odd alternating fields. The horizon- 
tal and vertical timing relationship 
(VSYNC delayed by one-half scan line 
time) results in the displacement of 
scan lines in the odd field with respect 
to the even field. 


In the interlace sync mode, the same 
information is painted in both fields, as 
shown in Figure 1b. This is a useful 
mode for filling in a character to 
enhance readability. 


In the interlace sync and video mode, 
as shown in Figure 1c, alternating lines 
of the character are displayed in the 


FIGURE 1b. 
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even field and the odd field. This effec- 
tively doubles the given band width of 
the CRT monitor. 


Care must be taken when using either 
interlace mode to avoid an apparent 
flicker effect. This flicker effect is due to 
the doubling of the refresh time for all 
scan iines since each field is displayed 
alternately and may be minimized with 
proper monitor design i.e., longer 
persistence phosphors. 


VL6845R/VL68C45R 
REGISTER FILE 
DESCRIPTIONS 

The 19 registers of the CRTC may be 
accessed through the data bus. Only 
two memory locations are required, 
as one location is used as a pointer to 
address one of the remaining 18 regis- 
ters. These 18 registers control hori- 
zontal timing, vertical timing, interlace 
operation and row address operation. 
They also define the cursor, cursor 
address, start address and light pen 
register. The register addresses and 
sizes are shown in Table 1. 


ADDRESS REGISTER (AR) 

The Address Register is a 5-bit write- 
only register used as an “indirect” or 
“pointer” register. It contains the ad- 


_ dress of one of the other 18 registers. 


When both RS and CS are LOW, the 
Address Register is selected. When 
CS is LOW and RS is HIGH, the regis- 
ter pointed to by the address register 
is selected. 


FIGURE 1c. 
INTERLACE SYNC AND VIDEO 
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VL6845R/VL68C45R 
REGISTER FILE 
DESCRIPTIONS (Cont.) 


HORIZONTAL TOTAL — 
REGISTER (RO) 

This 8-bit write-only register deter- 
mines the horizontal sync (HSYNC) 
frequency by defining the HSYNC 
period in character times. It is the total 
of the displayed characters plus the 
non-displayed character times 
(retrace) minus one. 


HORIZONTAL DISPLAYED 
REGISTER (R1) 

This 8-bit write-only register deter- 
mines the number of displayed charac- 
ters per line. Any 8-bit number may be 
programmed as long as the contents of 
RO are greater than the contents of R1. 


HORIZONTAL SYNC POSITION 
REGISTER (R2) 

This 8-bit write-only register controls 
the HSYNC position, which defines the 
horizontal sync delay (front porch) and 
the horizontal scan delay (back porch). 


VL6845R/E * VL68C45R/S 


When the programmed value of this 


register is increased, the display on the © 


CRT screen is shifted to the left. When 


the programmed value is decreased, _. 


the display is shifted tot he right. Any 
8-bit number may be programmed as 
long as the sum of the contents of R2 
and R3 is less than the contents of RO. 
The contents of R2 must be greater 
than R1. 


SYNC WIDTH REGISTER (R3) 

This 8-bit write-only register deter- 
mines the width of the HSYNC pulse. 
The vertical sync pulse width is fixed at 
16 scan-line times. HSYNC pulse width 
may be programmed from 1 to 15 char- 
acter clock periods, thus allowing com- 
patibility with the HSYNC pulse width 
specifications of many different moni- 
tors. If zero is written into this register, 
no horizontal sync is provided. 


HORIZONTAL TIMING SUMMARY 
The difference between RO and R1 is 


TABLE 1: VL6845R/VLEBCA5R I INTERNAL REGISTER ASSIGNMENTS 


EB 
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EB 
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Register File Read 
Unit 


the horizontal blanking interval. This — 
interval in the horizontal scan period al- 
lows the beam to return (retrace) to the 
left side of the screen. The retrace time 
is determined by the monitor horizontal 
scan components. Retrace time is less 


than the horizontal blanking interval. 


A good rule of thumb is to make the 
horizontal blanking about 20% of the 
total horizontal scanning period for a 
CRT. In inexpensive TV receivers the 
beam over-scans the display screen 
so that aging of parts does not result in 
underscanning: Because of this, the 
retrace time should be about one-third 
the horizontal scanning period. The 
horizontal sync delay is typically 
programmed with a 1:2:2 ratio. 


VERTICAL TOTAL REGISTER (R4) 
AND VERTICAL TOTAL ADJUST 
REGISTER (R5) 

The vertical sync (VSYNC) frequency 
is determined by both R4 and R5. The 
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1. The,nterlace bits are described in Table 2. 
2. Bit 5 ofthe cursor start raster register is used for blink period, control, and bit 6 is used to select blink or no-blink. 
3. Registers R4, R6 and R7 in the VL68C45R are eight bits wide, instead of seven, for compatibility with the Motorola 6845R1. 
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VL6845R/VL68C45R 
REGISTER FILE 
DESCRIPTIONS (Cont.) 
calculated number of character row 
times is usually an integer plus a frac- 
tion to get exactly a 50 Hz or 60 Hz ver- 
tical refresh rate. The integer number 
of character row times minus one is 
programmedzg into the 7-bit write-only 
vertical totai register (Ai4). The fraction 
of character line times is programmed 
into the 5-bit write-only vertical total 
adjust register (R5) as the number of 
scan lines required. 


VERTICAL DISPLAYED REGISTER 
(R6) 

This 7-bit write-only register specifies 
the number of character rows dis- 
played on the CRT screen, and is 
programmed in character row times. 
Any number smaller than contents 
R$ may be programmed into R6. 


VERTICAL SYNC POSITION 
REGISTER (R7) 

This 7-bit write-only register controls 
the position of vertical sync with 
respect to the reference. Itis pro- 
grammed in character row times. 
When programmed value of this regis- 
ter is increased, the display position of 
the CRT screen is shifted up. When the 
programmed value is decreased, the 
display position is shifted down. Any 
number equal to or less than the con- 
tents of R4 and greater than or equal to 
the R6 may be used. 


INTERLACE MODE AND SKEW 
REGISTER (R8) 

The VL6845R only allows control of the 
interlace modes as programmed by 
the low-order two bits of this write-only 
register. Table 2 shows the interlace 
modes available to the user. These 
modes are selected using the two 

low order bits of this 6-bit write-only 
register. 


TABLE 2: INTERLACE MODE 
REGISTER 


Interlace Sync and Video Mode 


INTERLACE MODE AND SKEW 
REGISTER (R8) (Cont.) 

There are restrictions on the program- 
ming of the VL6845R/VL68C45R 
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registers for interlace operation: 

1. The Horizontal Total Register (RO) 
value must be odd (i.e., and even 
number of character times). 


2. For interlace sync and video mode 
only, the Maximum Scanline 
Address Register (R9) value must 
be odd (i.e., an even number of 
scan lines). 


3. For interlace sync and video 
mode only, the number (Nvd) pro- 
grammed into the Vertical Display 
Register (R6) must be one-half the 
actual number required. The even- 
numbered scan lines are displayed 
in the even field and the odd- 
numbered scan lines are displayed 
in the odd field. 


4. For interlace sync and video mode 
only, the Cursor Start Register 
(R10) and Cursor End Register 
(R11) must both be even or odd, 
depending on which field the cursor 
is to be displayed in. A full block 
cursor will be displayed in both in 
both the even and the odd field 
when the Cursor End Register (R11) 
is programmed to a value greater 
than the value in the Maximum 
Scan Line Address Register (RQ). 


MAXIMUM SCAN LINE ADDRESS 
REGISTER (R9) 

This 5-bit write-only register deter- 
mines the number of scan lines per 
character row, including the spacing, 
thus controlling operation of the row 
address counter. The programmed 
value is a maximum address and is 
one less than the number of scan lines. 


CURSOR CONTROL 
REGISTERS 


CURSOR START REGISTER (R10) 
AND CURSOR END REGISTER (R11) 
These registers allow a cursor of up to 
32 lines in height to be placed on any 
scan line of the character block. Regis- 
ter R10 is a 7-bit write-only register 
used to define the start scan line and 
the cursor blink rate. Bits 5 and 6 of the 
Cursor Start Address Register control 
the cursor operation as shown in table 
3. Non-display, display, and two blink 
modes (16 times or 32 times the field 
period) are available. Register R11 isa 
5-bit write-only register that defines the 
last scan cursor. 
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TABLE 3: CURSOR START REGISTER 
Bit6 Bit 5 | Cursor Display Mode 


0 | 0 | Non-blink 


0 Cursor Non-display 


Blink, 1/16 field rate 
Blink, 1/32 field rate 


When an external blink feature on 
characters is required, it may be 
necessary to perform cursor blink 
externally so that both blink rates are 
synchronized. Note that an invert/ 
non-invert cursor is easily imple- 
mented by programming the CRT fora 
blinking cursor and externally inverting 
the video signal with an exclusive-OR 
gate. 


CURSOR REGISTER (R14-H, R15-L) 
This 14-bit read/write register pair is 
programmed to position the cursor 
anywhere in the refresh RAM area, 
thus allowing hardware paging and 
scrolling through memory without loss 
of the original cursor position. It con- 
sists of an 8-bit low-order (MAO-MA7) 
register and a 6-bit high-order (MA8- 
MA13) register. 


START ADDRESS AND LIGHT 
PEN REGISTERS 


START ADDRESS REGISTER 
(R12-H, R13-L) 

This 14-bit write-only register pair con- 
trols the first address output by the 
CRTC after vertical blanking. It con- 
sists of an 8-bit low-order (MA0-MA7) 
register and a6-bit high-order (MA8- 
MA13) register. The start address reg- 
ister determines which portion of the 
refresh RAM is displayed on the CRT 
screen. Hardware scrolling by charac- 
ter or page may be accomplished by 
modifying the contents of this register. 


LIGHT PEN REGISTER (R16-H, R17-L) 
This 14-bit read-only register pair cap- 
tures the refresh address output by the 
CRTC on the positive edge of a pulse 
input to the LPSTB pin. It consists of an 
8-bit low-order (MAO-MA7) register and 
a 6-bit high-order (MA8-MA13) register. 
Since the light pen pulse is asynchro- 
nous with respect to refresh address 
timing, an internal synchronizer is 
designed into the CRTC. Due to delays 
in this circuit, the value of R16 and R17 
will need to be corrected in software. 
(See the bus timing diagram in the 
Timing Characteristics section.) 
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VL68C45S 
REGISTER FILE DESCRIPTIONS 


TABLE 4: VL68C45S INTERNAL REGISTER ASSIGNMENTS, Note 1 


Address Real 
cs Register ao RegisterName | Program Unit 


Data Bit 


Address Register 


Horizontal Total” 
Horizontal 
Horizontal Sync* 


Position 

Vertical-Raster, 
Horizontal- 
Character 


a 
J 


fo) 
fo) 
© 
(=) 
Oo 


fo) 
Oo 
o 
(=) 
— 


Sync Width 


Vertical Total* Line 


_ Vertical Total Adjust 


Vertical Displayed 


Vertical Sync* 


Position Line 


7) 


Interlace & Skew 


Maximum Raster 
Address 


0101 0 R10 Cursor Start Raster 


0 1.0 7-4 R11 Cursor End Raster 


01100 R12 Start Address (H) 


0110 1 R13 Start Address (L) 


0111 £0 R14 
Note: 


1. O= yes; X = no 


0 


o 
ok 
fo) 
So 
(on) 
fo) 
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VL68C45S REGISTER FILE 
DESCRIPTIONS (Cont.) 
ADDRESS REGISTER (AR) 

This is a 5-bit register that is used to 
select 18 internal control registers 
(RO-R17). Its contents are the address 
of one of 18 internal control registers. 
Programming the data from 18 to 31 


produces no results. Access to RO-R17 


reauires writing the address of the cor- 
responding control register into this 
register. When RS and CS are LOW, 
the address is selected. 


HORIZONTAL TOTAL REGISTER (RO) 


This 8-bit register is used to program 
the total number of horizontal charac- 
ters per line, including the retrace 
period. The data value should be pro- 
grammed according to the specifica- 
tion of the CRT. When M is the total 
number of characters, (M-1) must be 
programmed into this register. When 
programming for interlace mode, 

M must be even. 


HORIZONTAL DISPLAYED 
REGISTER (R1) 

This 8-bit register is used to program 
the number of horizontal displayed 
characters per line. Any 8-bit number 
that is smaller than that of horizontal 
total register contents can be 
programmed. 


HORIZONTAL SYNC POSITION 
REGISTER (R2) 

This 8-bit register is used to program 
horizontal sync position as multiples of 
the character clock period. Any 8-bit 
number that is lower than the horizontal 
total register contents can be pro- 
grammed. When H is the character 
number of the horizontal sync position, 
(H-1) must be programmedgd into this 
register. When the programmed value 
of this register is increased, the display 
position on the CRT screen is shifted to 


Note: 
1. The registers marked *: 

(written value) = (specified value) — 1 
2. Written value of R9: 
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the left. When the programmed value 
is decreased, the position is shifted 

to the right. Therefore, the optimum 
horizontal position can be determined 
by this value. 


SYNC WIDTH REGISTER (R3) 

This 8-bit register is used to program 
the horizontal sync (HS) pulse width 
and the vertical sync (VS) pulse width. 
The horizontal sync pulse width is 
programmed in the lower four-bits as 
multiples of the character clock period 
(see Table 5); a zero cannot be pro- 
grammed. The vertical sync pulse 
width is programmed in the higher four 
bits as multiples of the raster period 
(see Table 6). When zeroes are pro- 
grammed in the higher four bits, 

a 16-raster period is specified. 


VERTICAL TOTAL REGISTER (R4) 
This 7-bit register is used to program 
the total number of lines per frame, 
including vertical retrace period. 

The data and its value should be pro- 
grammed according to the specifica- 
tion of the CRTC. When N is the 

total number of lines, (N-1) must be 
programmed into this register. 


VERTICAL TOTAL ADJUST 
REGISTER (R5) 

This 5-bit register is used to program 
the optimum number to adjust the total 
number of rasters per field. This regis- 
ter enables more precise control of the 
deflection frequency. 


VERTICAL DISPLAYED REGISTER 
(R6) 

This 7-bit register is used to program 
the number of displayed character 
rows on the CRT screen. Any 7-bit 
number that is smaller than that of 
vertical total register contents can 

be programmed. 


a) Non-interlace mode and Interlace Sync Mode (written value Nr) = (specified value) — 1 
b) Interlace sync and video mode: (Written value Nr) = (specified value) — 2 


3. CO and C1 specify skew of CURSOR output signal. 
DO and D1 specify skew of Display Enable output signal. When S is one, V specifies video mode. S specifies the Interlace sync mode. 


4. Bspecifies cursor blink. 
P specifies the cursor blink period. 


VERTICAL SYNC POSITION 
REGISTER (R7) 

This 7-bit register is used to program 
the vertical sync position on the screen 
as multiples of the horizontal character 
line period. Any number that is equal to 
or less than the vertical total register 
content can be programmed. When V 
is the character number of vertical sync 
position, (V-1) must be programmed to 
this register. When programmed value 
of this register is increased, the display 
position is shifted up. When the pro- 
grammed value is decreased, the 
position is shifted down. Therefore, 

the optimum vertical position may be 
determined by this value. 


INTERLACE AND SKEW 
REGISTER (R8) 

This register is used to program raster 
scan mode and skew (delay) of the 
Cursor signal and Display Enable 
signals. 


INTERLACE MODE PROGRAM 
BITS (V,S) 

Raster scan mode is programmed 
(see Table 7) by the V and S bits of R8. 
In the non-interlace mode, duplicate 
scanning is done of the rasters of even 
number field and odd number field. 

In the interlace sync mode, the rasters 
of the odd number field are scanned 

in the middle of the even number field. 
The same character pattern is then 
displayed in two fields. In the interlace 
sync and video mode, the raster scan 
method is the same as in the interlace 
sync mode, but it is controlled to dis- 
play different character patterns in 

two fields. 


5. wv0~wvs specify the pulse width of the vertical sync signal. whO~wh3 specify the pulse width of the horizontal sync signal. 
6. ROis normally programmed to be an odd number in interlace mode. 


7. 0=Yes, X=No 
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VL68C45S 
REGISTER FILE DESCRIPTIONS (Cont.) 


TABLE 5: PULSE WIDTH OF HORIZONTAL SYNC SIGNAL 
VSWHSW Register (R3) 


Bit 3 
0 


cf ek | wh fp wf bt fee mtr ot OTOL OL OT O}TO!TO 


Bit 1 


HSW Pulse Width 


(multiples of char clock period) 


Not Allowed 
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TABLE 6: PULSE WIDTH OF VERTICAL SYNC SIGNAL 
VSW Pulse Width 


VSW/HSW Register (R3) — 
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TABLE 7: INTERLACE MODE BITS 
(BITS 1 AND 0 of R8) 


Normal Sync Mode 


(Non-interlace) 
Interlace Sync Mode 


Interlace Sync and 
Video Mode 


SKEW PROGRAM BITS 
(C1,C0,D1,D0) 

These bits are used to program the 
skew (delay) of the Cursor and Display 
Enable signals. 


Skew of these two kinds of signals is 
programmed separately. The skew 
function is used to provide an on-chip 
delay for the output timing of the of the 
Cursor and Display Enable ‘jnalsto — 
provide the time required to access 
refresh memory, character generator 
or pattern generator, and to ensure. 
that they are in phase with the serial 
video signal. 


TABLE 8: DISPLAY ENABLE SKEW 
BIT (BITS 5 AND 4 OF R8) 


Display Enable Signal 
Non-Skew 
One-character Skew 


Two-character Skew 
Non-output 


TABLE 9: CURSOR SKEW BITS 
(BITS 7 & 6 OF R8) 


Display Skew 
Non-Skew 
One-character Skew 
Two-character Skew 


Non-output 


VL68C45S REGISTER FILE 
DESCRIPTIONS (Cont.) 


MAXIMUM RASTER ADDRESS 
REGISTER (R9) 

This 5-bit register is used to program 
the Maximum Raster Address. This 
register defines total number of rasters 
per character, including space. 


This register is programmed as follows: 
1. Non-Interlace Mode, 
interlace Sync Mode: 
When the total number of rasters is 
RN, (RN-1) must be programmed. 


2. Interlace Sync and Video Mode: 
When total number of rasters is RN, 
(RN-2) must be programmed. 


The total number of rasters in non- 
interlace mode, interlace sync mode 
and interlace sync and video mode is 
defined as follows in Table 10. 


TABLE 10: 

RASTER COUNT IN 

INTERLACE AND 

NON-INTERLACE MODES 

0 CTotall number of rasters 5 

1S Programmed value Nr = 4 

2 ____ (The same as displayed 
total number of rasters) 

3 

4 

Raster Address 

INTERLACE SYNC MODE — 

0 Total number of rasters 5 

aaaEaniennentennetanien 0 programmed value 

Nr=4 
12 2ESti“‘(i‘CCCUIn the interlace sync 


Searhces e ea es 4 mode, total number of 
rasters in both the 

2____________. even and add fields is 

ect ese ae oso te Sa 2 ten. On programming, 
the half of it is defined 


3—__________ as total number of 

eet Seow 3 ‘asters. 

4 

——- 4 

Raster Address 

INTERLACE SYNC AND VIDEO MODE 

oO.  .. Total Number of Rasters 5 

caiaeieaiaeteatenaimienmaden 1 Programmed Value 
Nr=3 

202 TS:C~*~*é« (‘Total RUM CE Of 

ae ee ee rasters displayed in 
the even field and the 

4____ Ss odd field) 

Raster Address 

Note: 
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CURSOR START RASTER 
REGISTER (R10) 

This 7-bit register is used to program 
the cursor start raster address and the 
cursor display mode. The lower five bits 
program the raster address and the 
higher two bits program the display 
mode (see tabie 11). 


TABLE 11: CURSOR DISPLAY 
MODE (BITS 6 AND 5 OF R10) 


Cursor Display Mode 
Non-Blink 


Cursor Non-Display 
Blink, 1/16 Field Rate 
Blink, 1/32 Field Rate 


Note: 
The blink sequence is follows: 


| Light | Dark | 


(16 x or 32 x the field period) 


CURSOR END RASTER 
REGISTER (R11) 

This register is used to program the 
cursor end raster address. 


START ADDRESS REGISTER 
(R12, R13) 

This register pair is used to program 
the first address of refresh memory 
read out. Paging and scrolling are 
easily performed using this register. 
This register can be read but the 
higher 2-bits of R12 are always zero. 


CURSOR REGISTER (R14,R15) 
These two read/write registers store 
the cursor location. The higher 2 bits 
of R14 are zero. 


LIGHT PEN REGISTER (R16,R17) 
These read-only registers are used to 
capture the detection address of the 
light pen. The higher 2 bits of R16 are 
always zero. The value of R16 and R17 
needs to be corrected by software be- 
cause there is a time delay from the ad- 
dress output by the CRTC to the signal 
input to its LPSTB pin that the light pen 
detects. 


CONSIDERATIONS IN UPDATING 
REGISTERS 

The value programmed into the inter- 
nal registers directly controls the CRT. 
Consequently, the display may flicker 
on the screen when the contents of the 
registers are changed from the bus 
sidé asynchronously with display 
operation. 


RESTRICTIONS ON 
PROGRAMMING INTERNAL 
REGISTERS 

1. O<Nhd <Nht + 1 s 256 


2. O<Nvd <Nvt + 1=<128 
3. 0=Nhsp = Nht 

4. 0<Nvsp <Nvt, Note 1 
5 


. O<NCSTART s NCEND S Nr 
(non-interlace, interlace sync mode) 
0,NCSTART < NCEND <Nr + 1 
(interlace sync and video mode) 


6. 2<Nrs<30 


7. 3 < Nht (except non-interlace 
mode) 
5 < Nht(non-interlace mode only) 


UPDATING THE CURSOR 
REGISTER | 

Writing into this register at frequent 
intervals for moving the cursor should 
be performed during horizontal and 
vertical retrace periods. 


UPDATING THE START 
ADDRESS REGISTER 

Writing into the start address register 
at frequent intervals for scrolling and 
paging should be performed during 
horizontal and vertical display periods. 


It is desirable to avoid programming 
any registers besides the cursor and 
Start Address Register during display 
operations. 


1. Inthe interlace mode, pulse width is changed + ‘% raster time when vertical sync signal extends over two fields. 
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VL6845E 
REGISTER FILE DESCRIPTIONS 


TABLE 12: VL6845E INTERNAL REGISTER ASSIGNMENT 


Address Register R egist ae 
cs f4]3]2]1]0| Number |RegisterName Stored Info. 
Address Register 


Status Register 
Horizontal Total # Character-1 
Horizontal Displayed # Character 


Horizontal Sync # Character 
Position 

VSYNC, HSYNC # Scan Lines and # 

Widths Character Times 


Register Bit 


Sed 


Oo 


Register Number 


< 


Oo}; o 


oh 


Oo 


O,/oO;o;rol;~o;oa!]oa;o;o 
a Re Aes cs wr a Cel 


Oo 


Oo 


# Character Row -1 
# Character Rows 
# Character Rows 
# Scan ines 1 


can Line Number 
Addr (H) 
Addr (L) 
Cursor Position (L) Column 
o/1]1]0]0]0]1] R17 | LightPenRegister (L) 
oft}+fofo|tjo| ars 


ofsfrfofols[+| pis 
ED RUEEREROED 


Note: | 
1. & designates unused bit. Reading this bit is always “O”, except for R31, which does not 
drive the data bus at all, and for CS = “1” which operates likewise. 


(oo) 


o 


R7 
R11 
R12 
R13 

R14 
R15 
R16 


Bees ag 
Xe ee oe Sais ee a 
Co 


eisieie ae es ie 


PEER 
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VL6845E 
REGISTER FILE 
DESCRIPTIONS (Cont.) 


ADDRESS REGISTER 

This 5-bit register is used as a “pointer 
to direct VL6845E data transfers to and 
from the system MPU. Its contents are 
the number of the desired register 
(0-31). When RS is LOW, the address 
register may be loaded; when RS is 
HIGH, the register selected is the one 
whose identity is stored in this register. 


STATUS REGISTER 

This 3-bit register is used to monitor 
the status of the CRTC. It is only ac- 
cessed in reading, while the Address 
Register is only accessed in writing. 
Both these registers are accessed with 
RS and CS LOW. 


Pd 


8 4 2 1 


8 42 1 


eee oe! ee se 
VSYNC WIDTH HSYNC WIDTH 


(NUMBER OF (NUMBER OF 
SCAN LINES) CHARACTER 
CLOCK TIMES). 


*IF BITS 4-7 ARE ALL “0” THEN VSYNC WILL 
BE 16 SCAN LINES WIDE. 


HORIZONTAL TOTAL REGISTER (RO) 
This 8-bit register contains the total of 
displayed and non-displayed charac- 
ters, minus one, per horizontal line. 

The horizontal sync (HSYNC) fre- 
quency is thus determined by this 
register. 


HORIZONTAL DISPLAYED 
REGISTER (R1) 

This 8-bit register contains the number 
of displayed characters per horizontal 
line. 


HORIZONTAL SYNC POSITON 
REGISTER (R2) 

This 8-bit register contains the HSYNC 
position on the horizontal line, in terms 
of the character location number on 
the line. The position of HSYNC deter- 
mines the left-to-right location of the 
displayed text on the video screen. 

In this way, the side margins are 
adjusted. 


VL6845R/E 


HORIZONTAL AND VERTICAL 
SYNC WIDTH REGISTER (R3) 
This 8-bit register contains the widths 
of both HSYNC and VSYNC, as 
follows: 


UPDATE READY 


-VL68C45R/S Wii 


VERTICAL BLANKING 

“0” SCAN CURRENTLY NOT IN VERTICAL BLANKING 
PORTION OF ITS TIMING. 

“1” SCAN CURRENTLY IS IN ITS VERTICAL 
BLANKING TIME. 


LPEN REGISTER FULL 

“0” THIS BIT GOES TO “0” WHENEVER EITHER 
REGISTER R16 OR R17 IS READ BY THE MPV. 

“1” THIS BIT GOES TO “1” WHENEVER A LPEN 
STROBE OCCURS. 


“0” THIS BIT GOES TO “0” WHEN REGISTER R31 HAS 
BEEN EITHER READ OR WRITTEN BY THE MPU. 

“4” THIS BIT GOES TO “1” WHEN AN UPDATE 
STROBE OCCURS. 


Control of these parameters allow the 
VL6845E to be interfaced to a variety 
of CRT monitors, since the HSYNC 
and VSYNC timing signals may be 
accommodated without the use of 
external one shot timing. 


VERTICAL TOTAL REGISTER (R4) 
This 7-bit register contains the total 
number of character rows in a frame, 
minus one. This register, along with 
R5, determines the overall frame rate, 
which should be close to the line fre- 
quency to ensure flicker-free appear- 
ance. If the frame time is adjusted to be 
longer than the period of the line fre- 
quency RES may be used to provide 
absolute syncronism. 


VERTICAL TOTAL ADJUST 
REGISTER (R5) 

This 5-bit write-only register contains 
the number of additional scan lines 
needed to complete an entire frame 
scan and is intended as a fine adjust- - 
ment for the video frame time. 
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VERTICAL DISPLAYED REGISTER 
(R6) 

This 7-bit register contains the number 
of displayed character rows in each 


_ frame. in this way, the vertical size of 


the displayed text is determined. 


VERTICAL SYNC POSITION 
REGISTER (R7) 

This 7-bit register is used to select 
the character row time at which the 
VSYNC pulse is desired to occur and, 
thus, is used to position the displayed 
text in the vertical direction. 
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VL6845E REGISTER FILE 
DESCRIPTIONS (Cont.) 

MODE CONTROL REGISTER (R8) 
This register is used to select the oper- 
ating modes of the VL6845E andis . 
outlined as follows: 


INTERLACE MODE CONTROL 


NON-INTERLACE 
INTERLACE SYNC RASTER SCAN 
INTERLACE SYNC AND VIDEO RASTER SCAN 


VIDEO DISPLAY RAM ADDRESSING 
“0” FOR STRAIGHT BINARY 
“1” FOR ROW/COLUMN 


VIDEO DISPLAY RAM ACCESS 
“0” FOR SHARED MEMORY 
“4” FOR TRANSPARENT MEMORY ADDRESSING 


DISPLAY ENABLE SKEW 


“o” FOR NO DELAY 


“1” TO DELAY DISPLAY ENABLE ONE CHARACTER TIME 


CURSOR SKEW 


“0” FOR NO DELAY 


“1” TO DELAY CURSOR ONE CHARACTER TIME 


UPDATE STROBE (TRANSPARENT MODE, ONLY) 
“0” FOR PIN 34 TO FUNCTION AS MEMORY ADDRESS 
“1” FOR PIN 34 TO FUNCTION AS UPDATE STROBE 


UPDATE/READ MODE (TRANSPARENT MODE, ONLY) 
“0” FOR UPDATES TO OCCUR DURING HORIZONTAL AND 
VERTICAL BLANKING TIMES WITH UPDATE STROBE 
_ “1” FOR UPDATES TO BE INTERLEAVED IN 22 PORTION 


OF CYCLE = 


SCAN LINE REGISTER (R9) 

This 5-bit register contains the number 
of scan lines per character row, includ- 
ing space minus one. 


CURSOR START REGISTER (R10) 
AND CURSOR END REGISTER (R11) 
These 5-bit registers select the starting 
and ending scan lines for the cursor. In 
addition, bits 5 and 6 of R10 are used to 
select the cursor mode, as follows: 

BIT 


66 | 55 | Cursor Display Mode 
60 | 50 | Non-Blink 

Non-Display 
61 | 50 | Blink 1/16 Field Rate 
61 | 51 | Blink 1/32 Field Rate 


Note that the ability to program both 
the start and end scan line for the cur- 
sor enables either block cursor or 
underline to be accomodated. Regis- 
ters R14 and R15 are used to control 
the character position of the cursor 
over the entire 16K address field. 


DISPLAY START ADDRESS AND 
LOW REGISTERS (R12,R13) 

These registers together comprise a 
14-bit register whose contents are the | 
memory address of the first character 
of the displayed scan (the character on 
the top left of the video display). Sub- 
sequent memory addresses are gener- 
ated by the VL68465E as a result of 
CCLK input pulses. Scrolling of the dis- 
play is accomplished by changing R12 
and R13 to the memory address asso- 
ciated with the first character of the 
desired line of text to be displayed first. 
Entire pages of text may be scrolled or 
changed as well as via R12 and R13. 


CURSOR POSITION HIGH AND 
LOW REGISTERS (R14,R15) 

These registers together comprise a 
14-bit register whose contents are the 
memory address of the current cursor 
position. When the video display 

scan counter (MA lines) matches the 
contents of this register, and when the 
scan line counter (RA lines) falls within 
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the bounds set by R10 and R11, the 
Cursor output becomes active. Bit 5 of 
the Mode Control Register (R8) may 
be used to delay the Cursor output by 
a full CCLK time to accomodate slow- 
access memories. - 


LPSTB HIGH AND LOW 
REGISTERS (R16,R17) 

These registers together comprise a 
14-bit register whose contents are the 
light pen strobe position, in terms of 
the video display address at which the 
strobe occured. When the LPSTB input 
changes from LOW to HIGH, then, on 
the next negative-going edge of CCLK, 
the contents of the internal scan 
counter are stored in registers R16 
and R17. 


UPDATE ADDRESS HIGH AND 
LOW REGISTERS (R18,R19) _ 
These registers together comprise a 
14-bit register whose contents is the 
memory address at which the next 
read or update will occur (for transpar- 
ent addressing mode, only). Whenever 
a read/update occurs, the update loca- 
tion automatically updates, to allow 

for fast updates or readouts of con- 
secutive character locations. This is 
described elsewhere in this document. 


DUMMY LOCATION (R31) 

This register does not store any data, 
but is required to detect when transpar- 
ent addressing updates occur. This is 
necessary to increment the Update 
Address Register and to set the Update 
Ready bit in the Status Register. 


VL6845E 
DESCRIPTION OF OPERATION 


REGISTER FORMATS ~ 

Register pairs R12/R13, R14/R15, R16/ 
R17, and R18/R19 are formatted in on 
of two ways: | 


1) Straight Binary if register R8, bit2 is 
a zero. 


2) Row/Column if register R8, bit 2 is a 
one. In this case, the low byte is the 
Character Column, and the high 
byte is the Character Row. 


Figure 2 illustrates the address se- 
quence for the video display control for 
each mode. Note from Figure 2 that the 
straight binary mode has the advan- 
tage that all display memory addresses 


VL6845E 

DESCRIPTION OF OPERATION 
(Cont.) 

are stored in a continuous memory 
block, starting with address 0 and end- 
ing at 1919. The disadvantage with this 
method is that, if it is desired to change 
a displayed character location, the row 
and column identity of the location 
must be converted tc its binary address 
before the memory may be written. The 
row/column mode, on the other hand, 
does not require this conversion. How- 
ever, memory is not used as efficiently, 
since the memory addresses are not 
continuous (gaps exist). This requires 


that the system be equipped with more | 


memory than is actually used, and this 
extra memory is wasted. Alternatively, 
address compression logic may be 
employed to translate the row/column 
format into a continuous address 
block. 


In this way, the system designer may 
select whichever mode is best for the 
given application. The trade-offs be- 
tween the modes involve the compara- 
tive costs of hardware and software. 
Straight-binary mode minimizes hard- 
ware requirements, and row/column 
addressing requires minimum 
software. 


FIGURE 2. DISPLAY ADDRESS SEQUENCES 
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VIDEO DISPLAY RAM ADDRESS. 
LINES (MA0-MA13) 

These signals are active-HIGH outputs 
that are used to address the video dis- 
play RAM for character storage and 
display operations. The starting scan 
address is fully programmable and the 
ending scan address is determined by 
the total number of characters dis- 
played, which is also programmable, in 
terms of characters per line and lines 
per frame. 


There are two selectable address 

modes for MAO-MA13: 

1. Binary 
Characters are stored in successive 
memory locations. Thus, the soft- 
ware must be developed so that row 
and column coordinates are trans- 
lated in sequentially numbered ad- 
dresses for video display memory 
operations. 


2. Row/Column 
In this mode, MAO-MA7 function as 
column addresses CC0O-CC7, and 
MA8-MA13 as row addresses CRO- 
CRS. In this case, the software may 
handle addresses in terms of row 
and column locations, but additional 
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STRAIGHT BINARY ADDRESSING SEQUENCE 
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address compression circuits are 
needed to convert CC0O-CC7 and 
CRO-CRS5 into a memory efficient 
binary scheme. 


RASTER ADDRESS LINES 
(RAO-RA4) 

These signals are active-HIGH outputs 
that are used to select each raster scan 
within an individual character row. The 
number of raster scan lines is program- 
mable and determines the character 
height, including spaces between 
character rows. 


The HIGH-order line, RA4, is unique 

in that it can also function as a strobe 
output pin when the VL6845E is pro- 
grammed to operate in the “transpar- 
ent address mode”. In this case, the 
strobe is an active-HIGH output that is 
true at the time the video display RAM 
update address is gated onto the ad- 
dress lines, MAO-MA13. In this way, up- 
dates and readouts of the video display 
RAM can be made under control of the 
CRTC with only a small amount of 
external circuitry. 


TOTAL = 90 


DISPLAY = 80 


COLUMN ADDRESS (MA0-MA7) 
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ROW/COLUMN ADDRESSING SEQUENCE 
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MEMORY CONTENTION SCHEMES FOR 


SHARED MEMORY ADDRESSING 
in a typical system, it is clear that both 
the VL6845E CRTC and the system 
MPU must be capable of addressing 
the video display memory. The 
VL6845E CRTC repetitively fetches 
character information to generate the 
video signals in order to keep the 
screen display active. The MPU occa- 
sionally accesses the memory to 
change the displayed information or to 
read out current data characters. 
Three ways of resolving this dual-con- 
tention requirement are apparent: 


1. MPU PRIORITY 
In this technique, the address lines to the 
video display memory are normally driven 
by the VL6845E unless the MPU needs 
access, in which case the MPU addresses 
immediately override those from the 
VL6845E and the MPU has immediate 
access. 


2. PHASE 1/PHASE 2 (01/02) MEMORY | 
INTERLEAVING 
This method permits both the VL6845 and — 
the MPU access the video display memory 
by time-sharing via system 01 and 02 
clocks. During the 01 portion of each cycle 
(the time when E is LOW), the CRTC 
address outputs are gated to the video 
display memory. In the 02 time, the MPU 
address lines are switched in. In this 


way, both the CRTC and the MPU have 
unimpeded access to the memory. 
(Figure 3a illustrates the timings) 


. VERTICAL BLANKING 


With this approach, the address Circuitry 
is identical to the case for MPU priority 
updates. The only difference is that the 
vertical retrace status bit (bit 5 of the status 


_register) is used by the MPU so that access 


to the video display memory is only made 
during vertical blanking time (when bit 5. 
is aone). In this way, no visible screen 
perturbations result. 


TRANSPARENT MEMORY 
ADDRESSING | 

In this mode of operation, the video dis- 
play memory address lines are not 
switched by contention circuits, but are 
generated by the CRTC. In effect, the 
contention is handled by the CRTC. As 
a result, the schemes for accomplish- 
ing MPU memory acces are different: 


1. PHASE 1/PHASE 2 (01/02) 
INTERLEAVING 
This mode is similar to the interleave mode 
used with shared memory. In this case, 
however, the 02 address is generated from 
the update address register (Registers R18 
and R19) in the CRTC. Thus, the MPU 
must first load the address to be accessed 
into R18/R19 and then this address is 
always gated onto the MA lines during 02. 
(Figure 3b illustrates the timing) 


2. HORIZONTAL/VERTICAL BLANKING 
In this mode, the update address register is 
loaded by the MPU, butis only gated onto 
the MA lines during horizontal or vertical 
blank times, so memory accesses do not 
interfere with the display appearance. To 
signal when the update address is on the 
MA lines, an update strobe (STB) is 
provided as an alternative function of pin 
34. Data hold latches are necessary to 
temporarily retain the character to be 
stored until the retrace time occurs. In this 
way, the system MPU is not halted while 
waiting for the blanking time to arrive. 


FIGURE 3a. PHASE 1/PHASE 2 SHARED INTERLEAVING 


<+-—_—_-—_—_—— MPU CYCLE 


| VL6845E 
MA0-MA13 


MPU CYCLE 
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FIGURE 3b. PHASE 1/PHASE 2 TRANSPARENT INTERLEAVING 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage —0.3Vto +7.0V Stresses above those listed under those indicated in the operational 

Input/Output Voltage, “Absolute Maximum Ratings” may sections of this specification is not 

VIN —~0.3Vto +70V cause permanent damage to the implied and exposure to absolute 
device. These are stress ratings only. maximum rating conditions for 

Operating Temperature, Functional operation of this device at extended periods may affect 

Top 0°C to 70°C these or any other conditions above device reliability. 

Storage Temperature, 

TSTG — 55°C to 150°C 


DC CHARACTERISTICS Ta = 0° to 70°C, vec = 5.0 V + 5%, unless otherwise noted 


VIH Input HIGH Voltage V 
LIN Input Leakage (02, R/W, RES, CS, RS, LPSTB, CCLK) P| | pA 
ITS! Three-State Input Leakage (DBO-DB7) VIN = 0.410 2.4V | | 10.0 | pA 
VOH Output HIGH Voltage 2.4 V 
ILOAD = — 205 pA (DBO-DB7) 
ILOAD = — 100 pA (all others) 
VOL Output LOW Voltage — 0.4 V 
ILOAD = 1.6mA | 
PD Power Dissipation | — | 325 | 650 mw 
Cl Input Capacitance 
02,R/W,RES,CS,RS,LPSTB,CLK, 10.0 pF 
DBO-DB7 | 12.5 | pF 
CO Output Capacitance fo | 10.0 pF 
VL6845 _— TABLE 13: FIGURE 4. TEST LOAD 
CHARACTERISTICS VL6845 SPECIFICATION/ 
To ensure system compatibility, all PART NUMBER REFERENCE vec 
CRTC timing is referenced by bus and WIARARE.OA.. _\PTLOA | 
character clock speed specification ee ae 
rather than device type. Thus, fora Oe 
given MPU and character clock speed, VL6845R-23 VTl-23 
the entire VL6845 family will adhere to VL6845R-24 VTl-24 
the same timing regardless of version VL6845R-33 VT1-33 
number. Table 13 presents a cross VL6845R-34 VTI-34 
reference between specifications and VL6845R-35 VTI-35 
eevice numbers: VL68C45R-23 VTI-23 
The bus timing test load is shown in VL68C45R-24 VT1-24 
Figure 4. Signal timing for the CRTC VL68C45R-33 VTI-33 
is described in Table 14, and Table 15 VL68C45R-34 VTI-34 
describes CRTC video timing. Light VL68C45R-35 VTI-35 
pen timing is described in Table 16. VL68C45S-23 VTI-23 R=11KQ FOR DBO—DB7 
VL68C45S-24 VTI-24  GzaaopF TOTAL FOR Dowo? 
VL68C45S-33 VTI-33 C=30pF ALL OTHER OUTPUTS 
VL68C45S-34 VTI-34 
VL68C45S-35 VTI-35 
NOTES: 


1. VOLTAGE LEVELS SHOWN ARE 0.4 V AND 2.4 V 
2. MEASUREMENT POINTS SHOWN ARE 0.8 V AND 2.0 V 
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CHARACTERISTICS (Cont.) 


TABLE 14: CRTC BUS TIMING CHARACTERISTICS 


Symbol 
tcyc 
pWEL 
pWEH 
tR 

tF 

tAH 
tAS 
tCs 
tCH 
tDHR 
tDHW 
tDDR 
tDSW 


Parameter [in [Max [ win [Max | Min [Max | Min [Max | Uni 
a 
Pulse Width, E LOW }190{ | 190} [140] ft40f | ns 
Pulse Width, E HIGH }200{ | 200] |{150] |is0} | ns 
Clock Rise Time SO 
[Cockraitime ————SC~CSC—CSCSCS | of | ao] | ao] 0] 
FAdsessHoaTimems)—SSSCS~—~—~—sS fof Po 
fAsSeuptime ——SsSC=~“~*~*~*~‘“‘—*~*~*S*S*~*~*~C TCS wT | aff 
RIW, CS Setup Oa a) M1 a 
RAW, CS Hold Tine Tot fet fof of [ms 
| Read Data Hold Time | 20{ 60}; 20] 60| 20] 60] 20] 60] ns 
Write Data Hold Time . Cr ee ee ee ns 
Peripheral Output Delay Time | 0) 150 tO): 150 0. 130 | 0 | 130 ns 
Peripheral Setup Time | 6o{ | eo} | 6{ | cf} | ns 


TIMING DIAGRAM 
VL6845 BUS TIMING 


WRITE 
DATA 


NOTES: 


tCH 


0.070474 74% MM ‘ 
0500.6, £5052 
Rx SOS 


OSS O50585 
serece 


Ln... 9. ©! 


MPU READ DATA 


1. VOLTAGE LEVELS SHOWN ARE V1< 0.4V, Vh2_2.4V 
2. MEASUREMENT POINTS SHOWN ARE 0.8V AND 2.0V. 
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VL6845 
CHARACTERISTICS (Cont.) 


TABLE 15: CRTC VIDEO TIMING CHARACTERISTICS 


Clock Frequency 


tR Clock Rise Time a 20 20 


iF [CockratTime _—S~S~—~S~SSi 
MAD | Memory AderessDelyTime ——=SS~wCSC*di 
(RAD | RasterAddessDelayTime ——=S~CSC~*d 
(OTD | DisplayTningDelayTme ~~~ S~*dt |_| 
1HSD_| Horizontal SyneDslayTine ——=—SCS~wCSC~*id 
ivSD | Verical SyneDelayTime ———S~S~CS*~is 
(C00 [CusorDisplayDeyTime 


TIMING DIAGRAM 
VL6845 VIDEO TIMING 


Os BO Ee 
o;o; + 
o;o|!|o 
S 
nw 


nN 
© 
Cc 
= 
n 


ea 
os 
z00 | 
as 
= 


hm 
jo) 
(=) 
S 
” 


pwCcL ipa a WOH 


CHARACTER 
CLOCK 


ecco 
MAO-MA13 


6000 om 
RAO-RA4 
= 000 

oece 


DE 


HS 


tHSD 


2000 
“VS 


CURSOR 


tCDD ao ‘CcDD-—_——- > 


NOTES: 

TIMING MEASUREMENTS ARE REFERENCED TO AND 
FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS UNLESS OTHERWISE SPECIFIED 
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VL6845 
AC CHARACTERISTICS 


TABLE 16: CRTC LIGHT PEN TIMING CHARACTERISTICS 


Light Pen Strobe Pulse Width . 
Light Pen Display Time 1 
Light Pen Display Time 2 


TIMING DIAGRAM — 
VL6845 LIGHT PEN TIMING 


CHARACTER 

CLOCK 

wwe XD > a 
a ecco 


pwLPH 


tLPD2 


NOTES: , WHEN THE CRTC DETECTS THE 


1. TIMING MEASUREMENTS ARE REFERENCED TO AND Pee Gee tGn Toe ceorend 
FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 


VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. sane ear atereeril ee 


2. tLPD1 AND tLPD2 ARE THE PERIODS OF ne 


UNCERTAINTY FOR THE REFRESH MEMORY 


ADDRESS. 
CROSS REFERENCE GUIDE ae 
BusFrequency . Character Clock 

VTI Device Replaces (MHz) (MHz) 
VL6845R-23 MC68B45R 2.0 3.0 
VL6845R-23 MC68A45 1.5 | 3.0 
VL6845R-23 - MC6845R | 1.0 3.0 
VL68C45R-23 MC68B45R1 2.0 3.0 
VL68C45R-23 MC68A45R1 1.5 3.0 
VL68C45R-23 MC6845R1 1.0 | 3.0 
VL68C45R-23 HD68B45R | 2.0 3.0 
VL68C45R-23 HD68A45R 1.5 3.0 
VL68C45R-23 HD6845R 1.5 . 3.0 
VL68C45S-24 HD68B45S 2.0 3.7 
VL68C45S-24 HD68A45S 1.5 3.7 
VL68C45S-24 HD6845S 1.0 . 3.7 
VL6845E-24 SY6845EA 2.0 3.7 
VL6845E-24 SY6845E 1.0 | 3.7 
VL6845R-23 SY6845RA 2.0 2.5 
VL6845R-23 SY6845R | 1.0 2.5 
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VL6845 REGISTER COMPARISON 


Non-interlace 


VL6845R 
VL68C45R MC6845 VL68C45S 
Register MC6845R1 HD6845R HD6845S SY6545-1 VL6845E 


RO Horizontal Tot Tot-1 Tot-1 Tot-1 Tot-1 
R1 Horizontal Disp Actual Actual Actual - | Actual 
R2 Horizontal Sync Actual Actual Actual Actual 
RS Horizontal ana Vert | Horizonial Horizonta! Horizontal and Horizontal and Horizontal and 
Sync Width Vertical Vertical Vertical 
R5 Vertical Tot Adj Any Value Any Value Any Value Any Value Except R5 | Any Value 
= (RQH)*X | 
R6 Vertical Disp Any Value <R4 Any Value <R4 Any Value <R4 Any Value <R4 Any Value <R4 
(0-255) 
R7 VerticalSyncPos | Actual-1 (0-255) Actual-1 Actual-1 | Actual-1 Actual-1 
R8 Mode Reg Interlace Mode Select | Interlace Mode Select | Interlace Mode Select | Interlace Mode Select | Interlace Mode Select 
Bits 0 and 1 
Bits 2 Row/Column or Row/Column or 
Straight Binary Straight Binary 
Addressing Addressing 
Bits 3 Shared or Shared or 
Transparent Addr Transparent Addr 
Bits 4 Se Dispen Skew Dispen Skew Dispen Skew 
Bits 7 Cursor Skew Transparent Mode Transparent Mode 
Select Select 
R12/R13 Disp Addr Write Only Write Only Read/Write Write Only . Write Only 
R14/R15CursorPOS | Write Only Write Only Read/Write Read/Write: 
R16/R17 Lpen Reg Read Only Read Only Read Only Read Only Read Only 
R18/R19 Update N/A N/A N/A Transparent Mode Transparent Mode 
Addr Reg Only Only 
R31 Dummy Reg N/A N/A N/A Transparent Mode Transparent Mode 
Only Only 
interlace Sync 


Tot-1 = Odd Tot-1 = Odd Tot-1 = Odd Tot-1 = Odd Tot-1 = Odd or Even 


Interlace Sync and Video 


R114 Cursor End Both Even Both Even Odd/Even Odd/Even Odd/Even 
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VMC68C45 MEGACELL DESIGN KIT 
CRT CONTROLLER MEGACELL 


FEATURES 

e¢ Completely integrated with VTI’s 
extensive IC design tools and 
libraries 


2-micron CMOS 68C45 Megacell 


configurable as: 7 

68C45R — CMOS equivalent to 
Motorola 6845R 
CRTC 

68C45R1 — CMOS equivalent to 
Motorola 6845R1 
Enhanced CRTC 

68C45S — CMOS equivalent to 


Hitachi 6845S CRTC 

— CMOS CRTC similar 
to Synertek 6545 
CRTC 


¢ 4.5 MHz video memory interface 
3 MHz system processor interface 


Compatible with the VTI bus 
architecture 


Programmable Display Enable and _ 
Cursor delays (standard for S and 
SY versions—optional for R version) 


Row/column display memory 
addressing (SY version) 


Double-width character control 


68C45SY 


CONNECTOR DIAGRAM 


VSS 


OPTIONAL FEATURES 
e 16K, 32K, or 64K display Memory 
Address range (14-, 15-, or 16-bits) 


e Programmable Vertical Sync pulse 
width 


e 7-, 8-, or 9-bit Vertical Row counter 


DESCRIPTION 

Megacells are building block equiva- 
lents of standard LSI functions that can 
be combined with other megacelis, 
standard cells or compiled cells to cre- 
ate custom User Specific ICs (USICs). 
Megacells are fully compatible with 
VTI’s other cell technologies and 
design tools. 


The VTI bus architecture allows 
multiple megacells to be combined on 


~ asingle IC, along with additional cells 
from VTI’s extensive libraries. This 


decreases the design time, cost and 
size of complex systems. A detailed 
simulation model provided with each 
megacell further reduces design 
verification time. 


VTIBUS (ADDRESS AND CONTROL) 


LDO-7 MAO-15 


_ CCLK AENB HS 


VMC68C45 CRT CONTROLLER 
MEGACELL 


100 MILS 


C6845S 


RAO-4 DE C6845R 


' 
VTIBUS (DATA AND CONTROL) 
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RESETB 


C6545SY 
VDRA 


VMC68C45 MEGACELL 
DESIGN KIT DESCRIPTION 
The VMC68C45 Megacell Design Kit 
includes the simulation models and 
icons required to permit designers 
using VTI’s IC design tools to develop 
custom CRT controller designs. 


Using the proven 68C45 LSI functional 
building block, implementing a specific 
CRT controller application requires 
only the combination of a68C45 mega- 
cell with other logic on one or more 
VLSI ICs. For example, ifa68C45 
megacell is combined with a ROM 
megacell character generator and 
“glue” logic, acomplete CRT adapter 
for monochrome or color applications 
can be designed. 


73 MILS 


‘ll | 
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SIGNAL DESCRIPTIONS 
The following signals function the same on the VMC68C45 megacells and on the VL6845 family of CRT Controller ICs. 


RS 

E 
CCLK 
LPSTB 
DO-D7 
RAO-RA4 
HS 
RESETB 


Input 
Input 
Input 
input 
Input/Output 
Output 
Output 
Output 


Description 
Register Select 
Enable 
Character Clock 
Light Pen Strobe 
Data Bus 

Raster Address 
Horizontal Sync 
Reset 


The following signals are unique or enhanced on the VMC68C45 megacells. 


Signal 
RNW 
CS 
DW 
AENB 


C6845R, 
C6845S, 
C6545SY 


MAO-MA13, 
14, 15 


DE 


CURSOR 


VS 


LDO-LD13, 
14, 15 


VO 

Input 
Input 
Input 
Input 


Input 


Output 


Output 


Output 


Output 


Input/ 
Output 


VDRA (reserved) n/c 


Description 

Same as R/W, input on VL6845. 

Same input as on VL6845, except active HIGH. 

Double-width input—this input places the 68C45 in a double-width display mode. 


Address Enable input—when asserted LOW (AENB = “0”) the MA outputs are enabled. 
AENB = “1” forces the MA outputs into a HIGH impedance state. 


One of these three inputs is tied HIGH to select the version of the 68C45 used in your application. 
The remaining two inputs must be grounded. NOTE: the 68C45SY megacell does not provide 
6545 transparent addressing or the 6545 status register. 


14-, 15-, or 16-bit Video Memory Address bus—These tri-state outputs provide the binary address 
to the external video RAM. If row/column addressing is selected (SY version only) this bus will 
provide row/column addressing to the external RAM instead of binary addressing. The AENB input 
signal can be used to place the MA bus in the HIGH impedance state. 


Display Enable output—active (DE = “1”) when the 68C45 is generating active display 
information. The S version can be programmed with a 0, 1, or 2 character delay. 
The SY version can be programmed for a 0 or 1 character delay. 


Cursor output—this signal is HIGH when the raster scan coincides with the programmed cursor 
position. The S version can be programmed with a 0, 1, or 2 character delay. The SY version can 
be programmed for a 0 or 1 character delay. 


Vertical Sync output—active HIGH pulse which determines the vertical placement of the video 
data. An optional feature permits programming the Vertical Sync pulse width. 


14-, 15-, or 16-bit Advanced Memory Address bus—separate video memory address information 
on this bus precedes the information on the MA bus by one character clock. This bus is provided to 
interface with a separate strip of logic for split display capability. 


Reserved for future expansion—to be left unconnected. 


ORDER INFORMATION 
VMC68C45-c*-m** Complete Design Kit for CMOS 68C45 Megacell 


* 


smp<>P\o 


Computer Type 


Apollo workstation 
VAX workstation 
RIDGE workstation 
ELXSI workstation 
WANG workstation 


kk 


m Media Format 
1 Floppy diskette 
2 Magnetic tape 
3 Cartridge 
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CMOS DIRECT MEMORY ACCESS (DMA) CONTROLLER 


FEATURES 


Low-power CMOS version of popular 
8237A DMA controller 


Four DMA channels 


Individual enable/disable control of 
DMA requests 


Directly expandable to any number of 
channels 


Independent auto-initialize feature for 
all channels 


Address increment or decrement 


High-performance: up to 8 MHz 
(VL82C37A-08) 


Transfers may be terminated by end 
of process input 


¢ Software controlled DMA requests 


¢ Independent polarity control for 
DREQ and DACK signals 


DESCRIPTION 

The VL82C37A Direct Memory Access 
(DMA) Controller serves as a peripheral 
interface circuit for microprocessor 
sysiems, and is designed is improve 
system performance by allowing 
external devices to directly transfer 
information from the system memory. 
Memory-to-memory transfer capability is 
also provided. The VL82C37A DMA 
Controller offers many programmable 
control features that enhance data 
throughput and system performance. 
Dynamic reconfiguration is permitted 
under program control. 


The VL82C37A is designed to be used 
with an external 8-bit address register 
such as the 8282. In addition to the four 
independent channels, the VL82C37A is 
expandable to any number of channels 
by cascading additional controller 
devices. 

Three hasic transfer modes allow the 
user to program the types of DMA 
service. Each channel can be 
individually programmed to auto- 
initialize to its original condition following 
an End-of-Process (EOP) input.Each 
channel also has a 64K address and 
word count handling ability. 

The VL82C37 DMA Controller is 
available in 4 MHz, 5 MHz, and 8 MHz 
clock frequencies. 


PIN DIAGRAM 


VL82C37A 
JOR 40 |] A7 
lO 39 LI AG 
MEMR 38 |_| A5 
MEMW 37 I] A4 
VCC 36 LJ EOP 
READY 35] A3 
HLDA 34 I] A2 
ADSTB LJ] 8 33 LI At 
AEN Lig 32] AO 
HRQL] 10 31) voc 
csLj 11 30 |_| DBo 
CLK L-] 12 29 |] DBI 
RESET LJ 13 28 |_| DB2 
DACK2 L_} 14 27 |_| DB3 
DACK3 L415 26 | DB4 
DREQ3 LJ 16 25 {-] DACKO 
DREQ2 CJ 17 24|-] DACK1 
DREQi Lj 18 23 |! DBS5 
DREQO LJ 19 22 |_! DB6 
GND CJ 20 21] DB7 


BLOCK DIAGRAM 


EOP 
RESET an 
ua DECREMENTOR | |INC/DECREMENTOR AB 
GP TEMP WORD TEMP ADDRESS /O BUFFERK > 
READY COUNT REG (16) REG(16) | 
A4-A7 
CLOCK 16 BIT BUS auc : 
AEN 16 BIT BUS BurFeRNT —V 
EGR AND _ READ BUFFER READ/WRITE BUFFER 
MR“——SCONTROU [BASE | BASE  |(CURRENT CURRENT 
MEMW ADDRESSWORD COUNT|ADDRESSWORD COUNT 
TOR eae 
iow 


DREQO-DREQ3 : 


ORDER INFORMATION 


Part Clock | 
Number Frequency | Package 


| 
sz 
BUFFER 


MODE STATUS | | TEMPORARY (8) 


ee 
REQUEST (4) 


; DBO-DB7 


PRIORITY rT, 
HLDA —® ENCODER|¢ {COMMAND (8) INTERN VO BUFFERK —— 
AND : 
HROQ | [ROTATING it 
DACK0O-DACK3 PRIORITY MASK (4) 


VL82C37A-04-PC Plastic DIP 
VL82C37A-04-CC 4 MHz Ceramic DIP 
VL82C37A-04-QC Plastic Leaded Chip Carrier 


VL82C37A-05-PC 
VL82C37A-05-CC 
VL82C37A-05-QC 
VL82C37A-08-PC 
VL82C37A-08-CC 
VL82C37A-08-QC 


Plastic DIP 

Ceramic DIP 

Plastic Leaded Chip Carrier 
Plastic DIP 

Ceramic DIP 
Plastic Leaded Chip Carrier 


Note: Operating temperature is 0°C to +70°C 
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SIGNAL DESCRIPTIONS 


Signal 
Name 


CLK 


cs 


RESET 


READY 


HLDA 


DREQO-DREQ3 


DBO - DB7 


lOW 


VCC 
GND 


Pin 
Number 
12 


11 


13 


19-16 


30 - 26, 


23-21 


36 


5, 31 
20 


Signal 
Description 


Clock input: Controls the internal operations of the VL82C37A DMA Controller and its rate 
of data transfers. This input may be driven at up to 4 MHz for the standard VL82C37A-04 
and up to 8 MHz for the VL82C37A-08. 


Chip Select: An active-low input used to select the VL82C37A as an I/O device during the 
idle cycle, allows CPU communication on the data bus. 

Reset: An active-high input that clears the Command, Request, and Temporary Registers, 
clears the first/last flip-flop, and sets the Mask Register. The device is in the idle cycle 
following a Reset signal. 


Ready: An input that extends the memory read and write pulses from the VL82C37A 


~ accomodating slow memories or I/O peripheral devices. During its specified setup/hold 


time, Ready must not make transitions. 


Hold Acknowledge: This active-high signal from the CPU indicates that t has relinquished 
control of the system busses. 


DMA Request: These lines are individual asynchronous channel request inputs. 
Peripheral circuits use these lines to obtain DMA service. In fixed Priority, DREQO has 
the highest priority and DREQ3 has the lowest priority. Activating the DREQ line of a 
channel generates a request. DACK then acknowledges the recognition of DREQ signal. 
Polarity of DREQ is programmable. Reset initializes these lines to active high. DREQ 
must be sustained until the corresponding DACK becomes active. 


Data Bus: These lines are bidirectional, three-state signals that connect to the system 
data bus. The outputs are enabled in the program condition during the I/O read to output 
the contents of an Address Register, a Status Register, the Temporary Register, or a 
Word Count Register to the CPU. The outputs are disabled and the inputs are read during 
an I/O Write cycle when the CPU is programming the VL82C37A control registers. During 


» DMA cycles the most significant eight bits of the address are sent onto the data bus and 
are strobed into an external latch by ADSTB. In memory-to-memory operations, data from 


the memory comes into the VL82C37A on the data bus during the read-from-memory 
transfer. In the write-to-memory transfer, the data bus eulpMe determine the placement 
of the data, not the new memory location. 


I/O Read: This is a bidirectional, active-low, three-state line. In the idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the active cycle, it is an 
output control signal used by the VL82C37A to access data from a peripheral during a 
DMA Write transfer. 


I/O Write: This signal is a bidirectional actie-low, three-state line. It is used by the CPU to 
load information into the VL82C37A DMA Controller. In the active cycle, it is used as an 
output control signal used by the VL82C37A to load data to the peripheral ee aDMA 
read transfer. — 


End of Process: This is an active-low bidirectional signal, which provides data on the 
completion of DMA services and is available at the bidirection EOP pin. The je VL82C37A 
allows an external signal to terminate an active DMA service, by pulling the EOP input low 
with an external EOP signal. The VL82C37A also generates a pulse when the terminal 
count (TC) for any channel is achieved. This generates an EOP signal that is active on 
the EOP Line. When EOP is received, either internally or externally, it will cause the 
VL82C37A to terminate the service, reset the request, and, if auto-initialize is enabled, to 
write the base registers to the current registers of that channel. The mask bit and TC bit in 
the status word will be set for the currently active channel by EOP, unless the channel is 
programmed for auto-initialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, EOP will be output when the TC for channel 1 occurs. To 


. prevent erroneous end-of-process inputs, EOP should be tied high with a pul -up resistor 


if it is not used. 
+5 V +5% power supply 
Ground 
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SIGNAL DESCRIPTIONS (cont, 


Signal Pin Signal 

Name Number Description 

AO - A3 32-35 The four least significant address lines: These lines are bidirectional three-state signals. 
In the idle cycle, they are inputs used by the CPU to address the register to be loaded or 
read. In the active cycle they are outputs that provide the lower four bits of the output 
address to the system. 

A4-A7 37-40 The four mosi significant address lines: These lines are three-state outputs that provide 
four bits of address. They are enabled only during the DMA service. 

HRQ 10 Hold Request: This is the hold request to the CPU. It is used to request control of the 
system bus. If the corresponding mask bit is clear, the presence of any valid DREQ 
causes the VL82C37A to issue the HRQ signal. After HRQ is asserted, at least one clock 
cycle (TCY) must occur before HLDA can be valid. 

DACKO - DACK3 25, 24, 14, DMA Acknowledge: This signal is used to notify an individual peripheral when it has been 

15 granted a DMA cycle. The sense of these lines is programmable; Reset initializes them to 
an active-low. 

AEN 9 Address Enable: This active-high line enables the 8-bit latch containing the upper eight 
address bits onto the system address bus. It can also be used to disable other system 
bus drivers during DMA transfers. 

ADSTB 8 Address Strobe: This active-high is used to strobe the upper address byte into an external - 
latch. 

MEMR 3 Memory Read: This active-iow signal is a three-state output used to access data from a 
selected memory location during a DMA read or memory-to-memory transfer. 

MEMW 4 Memory Write: This signal is an active-low three-state output used to write data to a 


selected memory location during a DMA write or memory-to-memory transfer. 


TABLE 1. INTERNAL REGISTERS 


Name Number 

Base Address Registers | 16 bits 

Base Word Count Registers 16 bits 4 
Current Address Registers 16 bits 4 
Current Word Count Registers 16 bits 4 
Temporary Address Register 16 bits 1 
Temporary Word Count Register 16 bits 1 
Status Register 8 bits 1 
Command Register 8 bits 1 
Temporary Register 8 bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4 bits 1 
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FUNCTIONAL 
DESCRIPTION 

The internal registers and major logic 
blocks of the VL82C37A are shown in 
the block diagram. Data interconnection 
paths are also shown, but the various 
control signals between the blocks are 
‘not. The VL82C37A contains 344 bits of 
internal register memory. Figure 3 
describes these registers and shows 
them by size. A complete description of . 
the registers and their functions can be 
found in the Register Descriptions 
section. 


The VL82C37A contains — basic 
control logic blocks. The Timing Control 
block generates internal timing and 
external control signals for the 
VL82C37A. The program command 
control block decodes the various 
commands given to the VL82C37A by 
the microprocessor before servicing a 
DMA Reauest. Further, it decodes the 
mode control word used to select the 
type of DMA during the servicing. The 
priority encoder block settles priority 
contention between DMA channels 
requesting service at the same time. — 


The external clock drives the timing 
control block. In most VL82C37A 
systems, this clock will usually be the 

@2 TTL clock from an VL82C84A. For 
8085AH-2 systems above 3.9 MHz, the 
8085 CLK(OUT) will not meet VL82C37A- 
05 (5 MHz) clock low and high time 
requirements. In this case, an external - 
clock should be used to drive the 
VL82C37A-05. 


DMA OPERATION 

The VL82C37A is designed to operate in 
two major cycles: the idle and active . 
Several states are contained in each 
device cycle. The VL82C37A supports 
seven separate states, each being one 
full clock period. State | (SI), the 
inactive state, is entered when the 
VL82C37A has no valid DMA requests 
pending. While in SI, the DMA controller 
is inactive but may be in the program 
condition, being programmed by the 
processor. State 0 (SO) is the first state 
of aDMA service. The VL82C37A has 
requested a hold, but the processor has 
not yet responded with an acknowledge. 
The VL82C37A may still be programmed 
until it receives HLDA from the CPU. An 
acknowledge from the CPU signals that 
DMA transfers may begin. $1, S2, $3 
and S4 are the functional states of the 
DMA service. If more time is needed to 


complete a transfer than is available 

with normal timing, wait states (WS) can 
be placed between S2 or S3 and S4 by 
using the Ready line on the VL82C37A. 
The data is transferred directly from the 
/O device to memory (orvice versa) 

with IOR and MEMW (or MEMR and IOW) 
being active simultaneously. Thedata 
is not read into or driven out of the 
VL82C37A during I/O-to-memory or 


~ memory-to-I/O DMA transfers. 


To complete memory-to-memory 
transfers requires aread-from anda 
write-to-memory. The states, which 
resemble the normal working states, use 
two-digit numbers for identification. 
Eight states are needed for each 
transfer: the first four states (S11, $12, 
$13, S14), are used for read-from- 
memory and the last four states (S21, 
$22, $23, $24), for the write-to-memory 
of the transfer. 


IDLE CYCLE 

When no channels are requesting 
service, the VL82C37A enters the idle 
cycle and performs SI states, sampling 
the DREQ lines every clock cycle to 
determine if any channel is requesting a 
DMA service. The device also samples 
CS, looking for an attempt by the 
microprocessor to write or read to the 
internal registers of the VL82C37A. 
When CS is low and HLDA is low, the 
VL82C37A initiates the program 
condition. The CPU now establishes, 
changes or inspects the internal 
definition of the part by reading from or 
writing to the internal register. Address 
lines AO-A3 are inputs to the device. 
They select registers that will be read or 
written. The IOR and [OW lines are used 
to select and time reads or writes. 
Because of the number and size of the 
internal registers, an internal flip-flop is 
used to generate one more bit of 
address. This bit is used to determine 
the upper or lower byte of the 16-bit 
address and Word Count Registers. This 
flip-flop can be reset by a separate 
software command. 


Special software commands executed in 
the VL82C37A during the program 
condition are decoded as sets of 
addresses with the CS and IOW signals. 
The commands do not use the data bus. 
Clear First/Last Flip-Flop and Master 
Clear instructions are included. 


ACTIVE CYCLE 


When the VL82C37A is in the idle cycle 
and a nonmasked channel requests a 


DMA service, the device outputs an 
HRQ to the microprocessor and then 
enters the active cycle. During this 
cycle the DMA service takes place, in 
one of four modes. 


In the single transfer mode, the device 
is programmed to make only one 
transfer. The word count is 
decremented and the address 
decremented or incremented, following 
each transfer. When the word countis 
completed from zero to FFFFH, a 
Terminal Count (TC) causes an auto- 
initialize if the channel has been so 
programmed. 


The DREQ signal must be held active 
until DACK becomes active, in order to 
be recognized. If DREQ is held active 
for the entire single transfer, HRQ will 
become inactive and release the bus to 
the system. It again goes active and, 
upon receipt of anew HLDA, another 
single transfer is performed. In 8080A, 
8085AH, 8088, or 8086 systems this 
insures one full machine cycle 
execution between DMA transfers. 
Details of timing between the VL82C37A 
and other bus control protocols depends 
upon the characteristics of the 
microprocessor involved. 


In the block transfer mode, the device is 
activated by the DREQ signal to 
continue making transfers during the 
service until a TC, caused by word count 
going to FFFFH, or an external end of 
process (EOP) is encountered. DREQ 
need only be held active until DACK 
becomes active. An auto-initialization 
will occur at the end of the service, if the 
channel has been programmed for it. 


In the demand transfer mode the device 
is programmed to continue making _ 
transfers until a TC or external EOP is 
encountered or until the DREQ signal 
goes inactive. Transfers may continue 
until the I/O device has exhausted its 
data capacity. After the I/O device has 
caught up, the DMA service is re- 
established by a DREQ signal. During 
the interval between services, when the 
microprocessor is operating, the 
intermediate values of address and word 
count are stored in the VL82C37A 
Current Address and Current Word 
Count Registers. Only an EOP can 
cause an auto-initialize at the end of the 
service. EOP is generated either by TC 
or by an external signal. 
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The fourth mode cascades multiple 
VL82C37As together for easy system 
expansion. The HRQ and HLDA signals 
from additional VL82C37As are 
connected to the DREQ and DACK 
signals of a channel of the primary 
VL82C37A. This permits the DMA 
requests of the additonal device to 
propagate through the priority network 
circuitry of the preceding device. The 
priority chain is not broken, and the new 
device waits for its turn to acknowledge 
requests. As the cascade channel of 
the primary VL82C37A is used only to 
prioritize the additional device, it does 
not produce any address or control 
signals of its own, which could conflict 
with the outputs of the active channel in 
the added device. The VL82C37A 
responds to the DREQ and DACK signal, 
but all other outputs except HRQ are 
disabled. 


Figure 8 shows two devices cascaded 
into a primary device using two of the 
previous channels. This forms a two- 
level DMA system. More VL82C37A's 
could be added at the second level by 
using the remaining channels of the first 
level. More devices can also be 
cascaded into the channels of the 
second-level devices, forming a third 
level. 


TRANSFER TYPES 

Each of the three modes of active 
transfer can perform three different 
types of transfers: read, write and 
verify. Write transfers move data from 
an I/O device to the memory by 
activating MEMW and IOR; read 
transfers move data from memory to an 
V/O device by activating MEMR and 
lOW. 


Verify transfers are pseudo routines: 

the VL82C37A DMA Controller operates 
as in read or write transfers generating 
addresses, and responding to EOP, and 
other operations. The memory and I/O 
control lines remain inactive. The verify 
mode is not permitted during memory-to- 
memory operation. 


To perform block moves of data from 
one memory address space to another 
with a minimum of programming, the 
VL82C37A includes a memory-to- 
memory transfer feature. Programming 
a bit in the Command Register selects 
channels 0 and 1 to operate as memory- 
to-memory transfer channels. The 
transfer is initiated by setting the 
software DREQ for channel 0. The 


VL82C37A requests a DMA device as 
usual. After HLDA is true, the device, 
using eight-state transfers in block 
transfer mode, reads data from the 
memory. The channel 0 Current 
Address Register is the source for the 
address, and is decremented or 
incremented as usual. The data byte 
read from the memory is then stored in 
the VL82C37A internal Temporary 
Register. Channel 1 writes the data from 
the Temporary Register to memory using 
the address in its Current Address 
Register and incrementing or 
decrementing it as usual. The channel 1 
current word count is decremented. 
When the word count goes to FFFFH, a 
TC is generated causing an EOP output 
terminating the service. 


Channel 0 may be programmed to hold 
the same address for all transfers, 

which permits a single word to be written 
to a block of memory. 


The VL82C37A responds to external 
EOP signals during memory-to-memory 
transfers. In block search schemes 
data comparators may use this input on 
finding a match. The timing of memory- 
to-memory transfers is shown in Figure 
10. Memory-to-memory operatons can 
be detected as an active AEN signal 
with no DACK outputs. 


Achannel may be set up to auto- 
initialize by setting a bit in the Mode 
Register. During nitialization, the original 
values of the Current Address and 
Current Word Count Registers are 
automatically restored from the Base 
Address and Base Word Count —_ 
Registers of that channel following EOP. 
The base registers and the current 
registers are loaded at the same time. 
They remain unchanged thoughout the 
DMA service. The mask bit is not set 
when the channel is in auto-initialize. 
Following auto-initialize, the channel is 
prepared to perform another DMA 
service, without CPU action, as soon as 
a valid DREQ is detected. 


The VL82C37A has two types of priority 
encoding available as software- 
selectable options. The fixed priority 
option sets the channels in priority order 
based upon the descending value of 
their number. The channel with the 
lowest priority is 3, then 2,1 and the 
highest priority channel is 0. After 
recognizing any one channel for 
service, the other channels are 
prevented from interferring with that 
service until it is completed. 


In the rotating priority option, the last 
channel to get service becomes the 
lowest priority channel with the others 
rotating in order. 


Rotating priority allows a single chip 
DMA system. Any device requesting 
service is guaranteed to be recognized 
after no more than three higher priority 
services have occurred. This prevents 
any one channel from dominating the 
system. 


To achieve even greater throughput 
where system characteristics permit, 
the VL82C37A DMA Controller can 
compress the transfer time to two clock 
cycles. State S3 is used to extend the 
access time of the read pulse. By 
removing state S3, the read pulse width 
is made equal to the write pulse width, 
and a transfer consists only of state S2 
to change the address and state S4 to 
perform the read/write. S1 state still 
occurswhen A8-A15 need updating (see 
the Address Generation section.) 


To reduce pin count, the VL82C37A 
multiplexes the eight higher order 
address bits on the data lines. State $1 
is used to output the higher order 
address bits to an external latch, where 
they may be placed on the address bus. 
The falling edge of the Address Strobe 
(ADSTB) is used to load these bits from 
the data lines to the latch. Address 
Enable (AEN) is used to enable the bits 
onto the address bus through a three- 
state enable. The lower order address 
bits are directly sent by the VL82C37A . 
Lines A0-A7 are connected to the 
address bus. 


During block and demand transfer mode 
services, including multiple transfers, 
the addresses generated will be in order. 
During a large number of transfers the 
data held in the external address latch 
will not change. This data will change 
when a carry or borrow from A7 to A8 
takes place in the normal order of 
addresses. To expedite transfers, the 
VL82C37A DMA Controller executes S1 
states only when needed to update A8- 
A15 inthe latch. For long services, S1 
states and address strobes may occur 
only once every 256 transfers, a 
savings of 255 clock cycles for each 

256 transfers. 


REGISTER DESCRIPTION 

Current Address Register: Each channel 
has a 16-bit Current Address Register. 
This register holds the value of the 
address used during DMA transfers. 
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The address is automatically 
incremented or decremented after each 
transfer and the intermediate values of 
the address are stored in the Current 
Address Register throughout the 
transfer. The microprocessor reads this 
register in successive 8-bit bytes. It 
may also be reinitialized by an auto- 
initialize to its original value which takes 
place only after an EOP. 


Current Word Register: Each channel 
has a 16-bit Current Word Count 
Register that determines the number of 
transfers to be performed. The actual 
number of transfers is one more than the 
number programmed in the Current Word 
Count Register; programming a count of 
100 will result in 101 transfers. The word 
count is decremented after each 
transfer; the intermediate value of this 
word count is stored in the register 
during the transfer. When the value in 
the register goes from 0 to FFFFH, a TC 
is generated. The register is then 
loaded or read in successive 8-bit bytes 
by the microprocessor in the program 
condition. Following the end of aDMA 
service, it may also be reinitialized by an 
auto-initialization to its original value 
which occurs only on EOP. If it is not 
auto-initialized, this register has acount 
of FFFFH after TC. 


Base Address and Base Word Count 
Registers: Each channel has a pair of 16- 
bit Base Address and Base Word Count 
Registers that store the orginal value of 
their associated current registers. 
Throughout auto-initialization these 
values are used to restore the current 
registers to their original values. The 
base registers are written 

at the same time with their 
corresponding current register in 8-bit 
bytes in the program condition by the 
microprocessor. These registers 
cannot be read by the microprocessor. 


Command Register: This 8-bit register — 
controls the operation of the VL82C37A, 
is programmed by the microprocessor in 
the program condition and is cleared by 
reset or a master clear instruction. 
Figure 2 lists and describes the function 
of the command bits. 


Mode Register: All channels have a 6-bit 
Mode register. When the register is - 
being written to by the microprocessor in 
the program condition, bits 0 to 1 


determine which channel the Mode 
Register is to be written. 


Request Register: The VL82C37A can 
responds to requests for DMA service 
that are initiated by software as well as . 
by a DREQ signal. Each channel has a 
request bit associated with it in the 4-bit 
Request Register. These are non- 
maskable and can be prioritized by the 
priority encoder network. 


Each register bit is set or reset 
separately under software control, or is 
cleared upon generation of a TC or 
external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, 
the software loads the correct form of 
the data word.Table 2 shows register 
address coding. To make a software 
request, the channel must be in block 
mode. 


Mask Register: Each channel has an 
associated mask bit that can be set to 
disable the incoming DREQ signal. 

A mask bit is set when its associated . 
channel produces an EOP, if the 
channel is not programmed for auto- 
initialize. Any bit of the 4-bit Mask 
register may also be set or cleared 
separately under software control. The 


_ entire register is set by a reset, which 


disables all DMA requests until a clear 
Mask Register instruction allows them to 
occur. This instruction to separately set 
or clear the mask bits is similar in form to 
that used with the Request Register. 


Status Register: The Status Register is 
available to be read out of the 
VL82C37A DMA Controller by the 
microprocessor and contains 
information about the status of the 
devices at this point. This information 
includes which channels have reached a 
terminal count and which channels have 
pending DMA requests. 


Bits 0-3 are set each time a TC is 
reached by that channel or an external 
EOP is applied and are cleared upon 
reset and on every status read. Bits 4 
through 7 are set whenever their 
corresponding channel is requesting 
service. 


Temporary Register: The Temporary 
Register is used to hold data during 
memory-to-memory transfers. The last 
word moved can be read by the 
microprocessor in the Program 
Condition following the completion of the 
transfers. The Temporary Register 


always contains the last byte 
transferred in the previous memory-to- 
memory operation, unless cleared by a 
reset. 


Software Commands: These additional 
special software commands can be 
executed in the program condition and 
do not depend on any specific bit 
pattern on the data bus. 


The clear first/last flip-flop command is 
executed prior to writing or reading new 
address or word count information to the 
VL82C37A. This initializes the flip-flop 
to aknown state so that subsequent 
accesses to register contents by the 
microprocessor will address upper and 
lower bytes in the correct sequence. 


The Master Clear software instruction 
has the same effect as the hardware 
reset. The Command, Status, Request, 
Temporary, and Internal First/Last Flip- 
Flop Registers are cleared and the Mask 
Register is set. The VL82C37A enters 
an idle cycle. 


The Clear Mask Register command 
clears the mask bits of all four channels, 
enabling them to accept DMA requests. 


PROGRAMMING _ 

The VL82C37A DMA Controller accepts 
programming from the host processor 
any time that HLDA is inactive, even if 
the HRQ signal is active. The host must 
assure that programming and HLDA are 
mutually exclusive. A problem can occur 
if a DMA request occurs, on an 
unmasked channel while the VL82C37A 
is being programmed. 


For example, the CPU may be starting to 
reprogram the two-byte Address 
Register of a channel when that channel 
receives a DMA request. Ifthe 
VL82C37A is enabled (bit 2 in the 
command register is 0) and that channel 
is unmasked, a DMA service will occur 
after one byte of the Address Register 
has been reprogrammed. This can be 
avoided by disabling the controller - 
setting bit 2 in the command register - or 
masking the channel before 
programming another registers. Once 
the programming is complete, the 
controller can be enabled (unmasked). 


After power-up all internal locations, 
including the Mode registers, should be 
loaded with a valid value. This should be 
done to unused channels as well. 
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APPLICATION 


Figure 1 shows a convenient method for 
configuring a DMA system with the 
VL82C37A DMA Controller and an 
8080A/8085AH microprocessor system. 
Whenever there is at Jeast one valid 
DMA request from a peripheral device, 
the multimode VL82C37A DMA 
Controller issues a HRQ to the 
processor. When the processor 


FIGURE 1. SYSTEM INTERFACE 


replies with a HLDA signal, the 
VL82C37A takes control of the address, 
data, and control buses. The address 
for the first transfer operation is output 
in two bytes - the least significant eight 
bits on the eight address outputs, and 
the most significant eight bits on the 
data bus. The contents of the data bus 
are then 


ADDRESS BUS A0-A15 


AEN A0-A3 A4-A7 


VL82C37A a 


latched into the 8282 8-bit latch to 


complete the full 16 bits of the address 
bus. The 8282 is a high-speed, 8-bit, 
three-state latch in a 20-pin DIP 
package. After the initial transfer takes 
place, the latch is updated only after a 
carry or borrow is generated in the least 
significant address byte. Four DMA 
channels are available when one 
VL82C37A DMA Controller is used. 


A8-A15 


E 


8282 
STB 


8-BIT LATCH 


aT HILDA VL82C37A 


HRQ 
RESET MEMW_ IOW DACKO-3 
CLK | WEMA | TOR | DREQO-3 | 
C) C) () C) 
piccwenonac | y 


a rnin, a Oil 
| CONTROL 
mb Bus 


DBO-DB7 


SYSTEM DATA BUS 
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FIGURE 2, COMMAND REGISTER 


7 6 5 4 3 2 1 0 <@——— Bit Number 


pai a a ae i 


| 0 | Memory-to-memory disable 
1 Memory-to-memory enable 
0 Channel 0 address hold disable 
1 Channel 0 address hold enable 
X Kfbito=0 
0 Controller enable 
1 Controller disable 
0 Normal timing 
1 Compressed timing» 
X Ifbito=1 
0 Fixed priority 
1‘ Rotating priority 
0 Late write selection 
| Extended write selection 
X Ifbit3=1 
0 DREQ sense active high 
1 DREQ sense active low 
0 DACK sense active low 


1 DACK sense active high 
FIGURE 3. MODE REGISTER 


7 6 5 4 3 2 10 ~<—— Bit Number 


00 Channel 0 Select 
01 Channel 1 Select 
10 Channel 2 Select 
11 Channel 3 Select 


00 = Verify transfer 

01 Write transfer 

10 Read transfer 

11 iNegal 

XX If bits 6and 7 = 11 


Autoinitialization disable 
1 Autoinitialization enable 


Address increment select 
1 Address decrement select 


00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 
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FIGURE 4. REQUEST REGISTER 
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10 <q 
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FIGURE 5. STATUS REGISTER 


Bit Number 
00 Seiect channei o 
01 Select channel 1 


Select channel 2 
Select channel 3 


0 Reset request bit 
1 Set request bit 


7 6 5 4 3 2 


i 
Don’t care 
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FIGURE 6. MASK REGISTER (SELECT MODE) 


10 <—— Bit Number 


HER ERRAES 
_ 


Select channel 0 mask bit 
Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 


Clear mask bit 
Set mask bit 


FIGURE 7. MASK REGISTER (MASK MODE) 


Tern eae oe 7 654 3 2 10 <€—— _ BitNumber 
| seaneaes ea ; 
| 1 Channel 0 has reached TC = : oo. ee : 
| 1 Channel 1 has reached TC Don't care 
1 Channel 2 has reached TC 
4 Channel 3 has reached TC Q Clear channel 1 mask bit 
1 Set channel 1 mask bit 
T epeine te requess 0 Clear channel 2 mask bit 
1 Channel 1 request 1. Gab charnel diraek i 
1 Channel 2 request et channel 2 mask bit 
1 $C I 
Nenoersieques 0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 
TABLE 2. REGISTER CODES 
Signals 
Register Operation CS 10OR IOW A3 A2~ At AO 
Command Write 0 1 0 1 0 0 0 
Mode Write 0 1 0 1 0 1 1 
Request Write 0 1 0 1 0 0 1 
Mask Set/Reset 0 1 0 1 0 1 0 
Mask Write 0 | 0 1 1 1 1 
Temporary | Read 0 0 1 1 1 0 1 
Status Read 0 0 1 1 0 0 0 
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TABLE 3. SOFTWARE COMMAND CODES. 


Signals 


is et ee 


Operation 


1 0: 0 0 0 1 Read Status Register. 
1 0. 0 0. 1 0 Write Command Register 
al 0 0 4 0 f Illegal 
1 0 0 1 1 O- Write Request Register 
4 0 1 0 0 1 Illegal 
1 0 1 0 1 O- Write Single Mask Register Bit 
1 0 1 1 0 1 Illegal | 
1 0 1 1 1 0 Write Mode Register 
1 Ee 1 0 0 0 1 Illegal . | 
1 1 0 | 0 4 0 Clear Byte Pointer Flip/Flop 
1 1 0 1 0 1 Read Temporary Register 
1 1 0 1 1 0 Master Clear 
1 1 4 0 0 1 Illegal 
1 1 1 0 1 0 Clear Mask Register 
4 1 1 0 lllegal | 
1 1 1 1 1 om 


Write All Mask Register Bits 


FIGURE 8. CASCADED VL82C37A CONTROLLERS ose 
a — 2ND LEVEL 


1ST LEVEL ‘VLB2C37A_ 


MICROPROCESSOR 


HRQ DREQ 


HLDA ~ DACK 


VL82C37A 


DREQ 


HRQ 


DACK HLDA. 


INITIAL DEVICE VL82C37A 


ADDITIONAL DEVICES 


eee nee ee 
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TABLE 4. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
Internal 
Flip-Flop 


Operation cS IOR 1OW A3 ee 


Data Bus 
DBO-DB7 


Channel! 


Base and Current Address Write 


A8-A15 
| Current Address 0 oOo 0 A0-A7 
0 0 1 0 G G 0 A8-At5 
Base and Current Word Count| Write 0 1 0 0 0 0 | 0 WO0-W7 
0 1 0 0 0 0 1 1 W8-W15 
| Current Word Count Read 0 0 1 0 0 0 1 | WO-W7 
0 0 1 0 0 0 1 1 | W8-W1i5 
Base and Current Address A0-A7 
A8-A15 
Current Address A0-A7 
A8-A15 
Base and Current Word Count W0-W7 
W8-W15 
| Current Word Count WO0-W7 
. | W8-W15 
Base and Current Address A0-A7 
A8-A15 
Current Address AQ-A7 
A8-A15 
| Base and Current Word Count WO0-W7 
W8-W15 
| Current Word Count | WO-W7 
| W8-W15 
Base and Current Address 0 A0-A7 
| A8-A15 
Current Address 0 A0-A7 
| A8-A15 
Base and Current Word Count 0 WO-W7 
1 W8-W15 
| Current Word Count 0 WO0-W7 
4 
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TABLE 5. DMA MODE AC CHARACTERISTICS 1a = 0°¢ to +70°C, VCC = 5 V 45% 


VL82C37A-04 VL82C37A-05 VL82C37A-08 


Symbol | _ Parameter 


S135 
~< 
r=) 
© 


TAEL AEN HIGH from CLK LOW (S1) Delay Time 
TAET | AENLOW from CLK HIGH ($1) Delay Time 
TAFAB | ADR Active to Float Delay from CLK HIGH 
TAFC | Read or Write Float from CLK HIGH | 
TAFDB | DB Active Float Delay from CLKHIGH 
TAHR | ADR from Read HIGH Hold Time 
TAHS | DB from ADSTB LOW Hold Time 
TAHW ADR from Write HIGH Hold Time 

| DACK Valid from CLK LOW Delay Time (Note 7) 
TAK “EOP HIGH from CLK HIGH Delay Time (Note 10) 

“EOP LOW fromCLKHIGH DelayTime > 

TASM | ADR Stable from CLK HIGH 7 


— | NM 
ND. 
oT; 


— 

NO 

Oo 
ol 


190 135 


TCY-50 


Be 
i) 
P 
NO 
a|s 
Pa 
on 
oO 
oO 
on 


_— 
© 
© 


NO 
NO 
© 
—_ 
~J 
So 


_" 
Oo 
on 


— 
oO 
© 


TASS DB to ADSTB LOW Setup Time 100 


—s 
o: 
Le) 


=_ 
oO 
Lo) 


rs 
TCL | Clock LOW Time (Transitions < 10 ns) 11006 {| fa Ee ee 
Melee ME meee Sr Ret a DEX Ea 
ers | "EOPLOWfromCLKLOW SetupTime [as | | ao | fs 


—_ 

“J 

oOo 
—_ 
© 
© 


TFAAB | ADR Float to Active Delay from CLKHIGH 

TFAC | Reador Write Active fromCLKHIGH 

TFADB | DB Float to Active Delay from CLK HIGH 
_THS HLDA Valid to CLK HIGH Setup Time 

TIDH | Input Data from MEMR HIGH Hold Time | 7 

TIDS [| Input Data to MEMR HIGH Setup Time 

TODH | Output Data from MEMW HIGH Hold Time 

TODV | Output Data Valid to MEMW HIGH 

TQS | DREQto CLK LOW (S1,S4) Setup Time 

TRH CLK to READY LOW Hold Time _ | 

TRS READY to CLK LOW Setup Time 

TSTL | ADSTB HIGH from CLK HIGH Delay Time 


TSTT ADSTB LOW from CLK HIGH Delay Time 1 


ba | 


Oo wp TO {© on 
on oO 
—_ 
fo] 
— 
Oo 


— 
f — 
: oO 


— 

oS 
— 
— 
© 


Explanatory notes follow DC Characteristics Table. 
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FIGURE 9. DMA TRANSFER TIMING (SEE TABLE 5.) 
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FIGURE 10. MEMORY-TO-MEMORY TRANSFER TIMING (SEE TABLE 5) 
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TABLE 6. PERIPHERAL MODE AC CHARACTERISTICS 1a =0°C to +70°C, vec = 5 V +5% 


VL82C37A-04 VL82C37A-05 VL82C37A-08 


ee 
TAR__| ADRValidorCSLOWtoReadLow | 50] 

TAW | ADRValidtoWriteHIGHSetupTime | 150 || 180 
TCW CS LOW to Write HIGH Setup Time 150 es 130 
TDW Data Valid to Write HIGH Setup Time 150 Ee | 130 


TRA ADR or CS Hold from Read HIGH ae ee 
eee 


TRDE Data Access from Read LOW (Note 3) 
TRDF DB Float Delay from Read HIGH 


TRSTD. | Power Supply HIGH to RESET LOW Setup Time | 500 [ | 500 


TRSTS_ | RESET to First OW 


TWWS Write Width 


z 
oO 
—! 
© 
Lo) 


TRSTW goo | | 300 

TWA | ADR fromWriteHIGHHoldTime | 20, | 

TWC | CSHIGHtromWriteHIGHHold Time | 20, || 20 

TWD | Data from Write HIGH Hold Time ca a rae 
ee! 


Explanatory notes follow DC Characteristics Table. 


FIGURE 11. SLAVE MODE WRITE TIMING (SEE TABLE 6) 
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‘FIGURE 12. SLAVE MODE READ TIMING (SEE TABLE 6) 
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FIGURE 13. READY TIMING (SEE TABLE 5) 
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FIGURE 14. COMPRESSED TRANSFER TIMING (SEE TABLE 5) 
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FIGURE 15. RESET TIMING (SEE TABLE 6) 
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ABSOLUTE MAXIMUM RATINGS 


‘Supply Voltage -0.5to 7.0 V Stresses above those listed under other conditions above those indicated 


Input Voltage -0.5to5.5V "Absolute Maximum Ratings" may cause in the operational sections of this 
Output Voltage -0.5 to 5.5 V permanent damage to the device. This specification is not implied. Exposure to 
Operating Temperature O°Cto+150°C is a stress rating only and functional absolute maximum rating conditions for 
Storage Temperature -65°C to+150°C operation of the device at these or any extended periods may affect device 

| | zi reliability. 


DC CHARACTERISTICS 1a = 0°C to +70°C, vec = pues 


VOH | Output HIGH Voltage Se IOH = -200 pA 


IOH = —100 nA (HRQ Only) 


* VOL a LOW Voltage ? | IOL = 2.0 mA (data bus) EOP 
| [OL = 3.2 mA (other outputs) (Note 8) 
IOL = 2.5 mA (ADSTB) (Note 8) 


it | Input Load Current - ie oak Toe OVE VIN< VCC 


ILO Output Leakage Current 0.45 V< VOUT< VCC 
ICC Vcc Supply Current 130 mA/MHz TA=+25°C 


C1 Input Capacitance re ee Ea FC = 1.0 MHz, Inputs = 0 V 
C10 0 Capacitance fo t ; 


AC and DC Characteristics Notes: 
1. Typical values are for TA = 25°C, nominal supply voltage, and nominal processing parameters. 


2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input 
and output signals are 2.0 V for high and 0.8 V for low, unless otherwise noted. 


3. Output loading is 1 TTL gate plus 150 pF capacitance, unless otherwise noted. 


4, The net IOW or MEMW pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. 
The net IOR or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 


5. TDQ is specified for two different output high levels: TDQ1 is measured at 2.0 V, TDQ2 is measured at 3.3 V. The 
value for TDQ2 assumes an external 3.3 Kohm pull-up resistor connected from HRQ to VCC. 


6. DREQ should be held active until DACK is returned. | 
7. DREQ and DACK signals may be active high or active ou: Timing diagrams assume the active high mode. 


8. Successive read and/or write operations, by the external processor, to program or examine the controller must be 
timed to allow at least 500 ns for the VL82C37A-04, at least 400 ns for the VL82C37A-05 and at least 250 ns for the 
VL82C37A-08, as recovery time between active read or write pulses. 

9. EOP is an open-collector output. This parameter assumes the presence of a 2.2 Kohm pull-up resistor to VCC. 


10.Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high 
when the pin is left floating. It is recommended, however, that pin 5 be tied to VCC. 
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PROGRAMMABLE INTERVAL TIMER 


F 


EATURES 


Compatible 8080A, 8085A, 8086, 
8088, and similiar microprocessors 
Counts in binary or BCD 

Clock inputs from dc to maximum 
clock operating frequency 

Status may be read back on 
command 

Single 5 Vpower supply 

Three independent 16-bit counters 
Six programmable counter modes 
Low power consuming CMOS 
technology 


PIN DIAGRAM 
VL82C54 


vec 
WR 
RD 
cs 

At 

AO 
CLK 2 
OUT 2 
GATE 2 
CLK 1 
GATE 1 
OUT 1 


DESCRIPTION 

The VL82C54 is aCMOS programmable 
interval timer/counter designed for use 
with Intel-type microcomputer systems. 
It is a general-purpose, multi-timing 
element that can be considered as three 
separate counters by the system 
software. 

The VL82C54 soives ine probiem of 
generating an accurate timing interval in 
the microprocessor-based system. 
Instead of setting up timing loops in 
software, the programmer configures 
the VL82C54 to generate the timing 


BLOCK DIAGRAM 


GATEO CLK 0 OUTO 
CLK 1 GATE1 OUT1 


COUNTER | COUNTER 
7 


DATA 
BUS 
BUFFER | 


WR RD AO Ai CS 


intervals required by the system. At the 
termination of the delay, the VL82C54 
generates an interrupt to the CPU. The 
overhead software is minimal, and 
variable lengths are easily programmed. 


In addition to the three independent 16- 
bit counters on the VL82C54, it also has 
its Own 8-bit data bus, two address 
lines, a chip select, and individual read 
and write control lines. 


The VL82C54 is available in 8 MHz and 
10 MHz maximum clock frequencies. 


CLK 2 GATE2 OUT2 


COUNTER 
2 


D7-D0 
ORDER INFORMATION 

Part Clock 

Number Frequency Package | 
VL82C54-08PC Plastic DIP 

VL82C54-08QC 8 MHz Plastic Leaded Chip Carrier 
VL82C54-08CC Ceramic DIP 


VL82C54-10PC 
VL82C54-10QC 
VL82C054-10CC 


Note: Operating temperature range: 0°C to +70°C. 
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10 MHz 


Plastic DIP 
Plastic Leaded Chip Carrier 
Ceramic DIP 


VL82C59A propuctsrlcr 
PROGRAMMABLE INTERRUPT CONTROLLER 


FEATURES DESCRIPTION 

¢« Compatible with 8086, 8088, and The VL82C59A Programmable interrupt 
similiar microprocessors Controller can manage uptoeight — 

« Low power consuming CMOS vectored priority interrupts for the 

+ Interrupt modes are programmable. system's CPU. It can be cascaded to 

* Minimizes software overhead. handle up to 64 interrupts. No additional 

¢ Eight prioritized control levels circuitry is required. 

° 64 levels of expandability The VL82CS59A is designed to relieve the 

¢ Single 5 Vpower supply software of the burden of handling multi- 

» 28-pin DIP level priority interrupts. It controls 


several modes, permitting 
optimization for a large number of 
system needs. 


PIN DIAGRAM BLOCK DIAGRAM 
VL82C59A INT INTA 


CONTROL LOGIC 


The VL82CS59A is fully upward- 
compatible with the HMOS 8259 or 
8259A. Software originally 

written for the HMOS 8259 or 8259A will 
operate the VL82CS59A in all 8259- or 
8259A- equivalent modes. 

Itis housed in a 28-pin DIP, uses CMOS 
technology, and requires asingle 5V 
supply. The circuit is totally static, 
requiring no clock input. 


B 
BUFFER 


IRO eT} 
IR1 INTERRUPT IN led 
ee BEQUEST: A] PRIORITY Ju SERVICE WR 
IR4 RESOLVER (ISR) Ao 
IRS 
IRG 
IR7 cs 
INTERRUPT MASK REG CAS 0 
(IMR) —) CASCADE CAS 1 
BUFFER/ 
OMPARATOR CAS 2 
INTERNAL Bus” SPEN 
ORDER INFORMATION 


Number Speed Package 

VL82C59A-08PC Plastic DIP 
VL82C59A-08QC Plastic Leaded Chip Carrier 
VL82C59A-08CC Ceramic DIP 
VL82C59A-10PC - | Plastic DIP 
VL82C59A-10QC 10 MHz Plastic Leaded Chip Carrier 
VL82C59A-10CC Ceramic DIP | 


Note: Operating temperature range: 0°C to +70°C. 
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VL82C84A  propuctsricr 


CLOCK GENERATOR AND DRIVER 


FEATURES 

* Two maximum clock frequencies 
available: 
- 8 MHz (VL82C84A-08) 
-10 MHz (VL82C84A-10) 

¢ Local READY is provided, as well as 
Multibus® READY synchronization 

¢ Schmitt-trigger input generates 
system RESET output 

¢ Clock generator supports the 
8086, 8088, and other similiar 
processors 

¢ Capable of clock synchronization 
with other VL82C84A devices 

¢ Crystal or TTL input may be used as 
a frequency source 

¢ 100mW maximum power dissipation 


PIN DIAGRAM 
VL82C84A 
csYNc ( 1 VCC 
PCLK [] 2 x1 
AEN1 (J 3 X2 
RDY1 C4 ASYNC. 
READY [5 EFI 
RDY2 0) 6 FIC 
AEN2 C] 7 OSC 
cLK CJ 8 RES 
GND [} 9 RESET 


Multibus® is a ha ethene 
trademark of Intel Corporation. 


DESCRIPTION 

The VL82C84<A is a single-chip clock 
generator/driver for the 8086, 8088, and 
similiar processors. The device contains 
acrystal-controlled oscillator and a 
divide-by-three counter, as well as 
complete synchronization and reset 
logic. Handling all of these functions on 
a singie device aliows ihe VL82C84A to 
significantly reduce the chip count in a 
system, while enhancing reliability, 
production ease, and increasing mean 
time between failure (MTBF). 


Fabricated in low-power CMOS, the 
VL82C84A provides a convenient way to 
decrease power consumption of the 
system. Fully compatible with existing 


designs using the NMOS 8284A, the 
VL82C84A provides a low-power cost- 
effective solution. 


The output drivers of the VL82C84A 
offer the driving capability of the conven- 
tional HMOS device. As a result, they 

do not require any external drivers. 

The VL82C84A is compatibie with aii ihe 
other members of the VL82C XX family of 
microprocessor peripherals. Offering 
higher performance and lower power 
consumption than previously available 
82CXX peripherals, these devices offer 
CMOS advantages to 8086, 8088, and 
similiar systems. 


BLOCK DIAGRAM 
RESET ‘RES 
CK ¥ 
x1 
OSC < | os 
PCLK FIC 
SYNC or 
CSYNC 
CLK < RDYt 
4 AEN1 
¥CK RDY2 
READY Q D Rete 
FF2 4 AEN2 
ASYNG 
ORDER INFORMATION 


Part Clock 
Number Frequency Package 


VL82C84A-08PC 
VL82C84A-08QC 
VL82C84A - 08CC 
VL82C84A-10PC 
VL82C84A-10QC 
VL82C84A-10CC 


Note: Operating temperature range: 0°C to +70°C. 
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8 MHz 


10 MHz 


co = 


Plastic DIP 
Plastic Leaded Chip Carrier 
Ceramic DIP 


Plastic Leaded Chip Carrier 
Ceramic DIP 


VL82C88 PRODUCT BRIEF 


CMOS BUS CONTROLLER 
aadlde RES DESCRIPTION | 
Compatible with 8086, 8088 and The VL82C88 Bus Controller is a CMOS VO Bus Mode - The VL82C88 is in the 
similiar microprocessors device intended for use with I/O Bus mode if the IOB pin is tied 
* Three-state command output drivers medium-to-large 8086- and 8088-type HIGH. In the /O Bus mode, all VO 
¢ Low-power CMOS technology microprocessor-based systems. The command lines (IORC, IOWC, AIOWC, 
» Fully compatible with HMOS 8288 bus controller provides command and INTA) are always enabled. 7 
¢« Advanced commands provided control timing generaiion, 6 well as bus System Bus Mode - The VL82C88 pi | 
- Wide flexibility in system drive capability, for optimizing system the System Bus mode if the IOB pin is . 
eonfigurelioné performance. The VL82C88 decodes the tied LOW. In this mode, no command is 
7 three status lines from the system issued until 115 ns after the AEN Line is 
: oe used with an I ree microprocessor to generate the | activated. 
neh i to up totwo multi-master — ee control signals at the The 20-pin, low-p ower-consuming, | 
: CMOS VL82C88 is available in 8 MHz 


* Single SV power supply The VL82C88 bus controller generates and 10 MHz clock frequencies. 


commands in two ways: 


PIN DIAGRAM BLOCK DIAGRAM 
VL82C88 ADC 1 sose 
: WIC ST F-STATUS 
ere” | Tae : 
Cc semvsmmneesan 
SIGNALS lORC 
1lOWC 
AlOwc 
INTA 
ADDRESS LATCH, DT/R ais 
DATA TRANSCEIVER, DEN “AEN- CONTROL 
CONTROL SIGNALS | MCE/PDEN aren ie 
ALE IOB 
ORDER INFORMATION 


Number Frequency | Package 

VL82C88-08PC Plastic DIP 
VL82C88-08QC Plastic Leaded Chip Carrier 
VL82C88-08CC | Ceramic DIP _ 
VL82C88-10PC Plastic DIP 

VL82C88-10PC { 0 MHz Plastic Leaded Chip Carrier 
VL82C88-10CC Ceramic: cue 


Multibus® is a registered | 
trademark of Intel Corp. Note: Operating temperature range: 0° to +70°C. 
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VL85C81 propuctsricF 


CMOS CLOCK GENERATOR AND CONTROLLER 


FEATURES 

* Two independent 20 MHz oscillators 
generate two 10 MHz clock outputs 
and one 20 MHz clock output. 

¢ Oscillator input frequency sources 
can be either crystals or external 
oscillators. 

¢ Outputs directly drive the Z80, 
Z8000, 8086, 8088, and 68000 
microprocessor clock inputs. 

* Canbe used as a general-purpose 
clock generator. 

¢ Single 5 V power required 

¢ Provides ability to stretch high 
and/or low phase of clock signa 
under external control. 

¢ On-chip reset logic 


PIN DIAGRAM 
VL85C81 


DESCRIPTION 

The VL85C81 Clock Generator and 
Controller is a versatile addition to 
VLSI's family of “instant ASIC” 
application-specific logic products. The 
selective clock-stretching capabilities 
and variety of timing outputs produced 
by this device allow it to easily meet the 
timing design requirements of systems 
with microprocessors and peripheral 
devices. The clock output drivers of the 
VL85C81 also meet the non-TTL voltage 
requirements for driving NMOS clock 
inputs with no additional external 
components. The VL85C81 provides an 
elegant, single-chip solution to the 
design of system clocks for 


BLOCK DIAGRAM 


RSTI 


microprocessor-based products. 

The VL85C81 oscillators are 
referenced to the system clock 
oscillator and the general-purpose clock 
oscillator. Both oscillators are driven by 
external crystals or other frequency 
sources. 


A Reset output on the ciock generaior 
allows the VL85C81 system clock 
output to be synchronized with an 
incoming reset to the VL85C81. The 
external reset initiates the Reset output 
or system reset for a minimum of 30 ms, 
allowing a “power-up" system 
initialization. 


Vcc RSTO 

XTALIA 

XTAL1B > ee 
B- ZCLK 

co 

STAT ie 

ats STRETCH y 

_INH_ CONTROL a0 

ADD1 Locic L_| R a 

ADD2 Q1 | CA | 

XTAL2B 


ORDER INFORMATION 


Part 

Number 
VL85C81-05PC 
VL85C81-05QC 
VL85C81-05CC 
VL85C81-08PC 
VL85C81-08QC 
VL85C81-08CC 


Note: Operating temperature range: 0°C to +70°C. 
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Clock 
Frequency 


5 MHz 
Ceramic DIP 


Package 


Plastic DIP 
Plastic Leaded Chip Carrier 


Plastic DIP 
Plastic Leaded Chip Carrier 


8 MHz 
Ceramic DIP 


EO VLSI TECHNOLOGY, INC. 


SECTION 5 
DIGITAL SIGNAL 
PROCESSING 
PRODUCTS 


Application Specific _ 
Logic Products Division 


ve 


the 


“8 


VL2010 


16 x 16 PARALLEL MULTIPLIER-ACCUMULATOR 


FEATURES 


* 16 X 16 parallel multiplication and 
product accumulation 


* High speed 
Multiply-accumulate time: . 
VL2010-65 50nstyp 65 ns max 
VL2010-90 65nstyp 90 ns max 


* CMOS silicon-gate technology 


* Low power; 0.2 W typical 
(VL2010-90) 


* Single 5 V supply 
* Standard TTL-compatible 1/O levels 


* Performs double-precision 
subtraction, addition, and 


multiplication, including rounding 
control 


* Pin-for-pin functional replacement 
for WTL1010, WTL2010, TRW 


TDC1010J, LMA1010, and AMD 
29510 


* Available in 64-pin ceramic DIP, and 
soon to be available in plastic DIP, 


Plastic Leaded Chip Carrier, and Pin 
Grid Array 


ORDER INFORMATION 


Multiply/ 
Accumulate 
Time 


Part 

Number 
VL2010-65CC 
VL2010-65PC 
VL2010-65QC 
VL2010-65GC | 
VL2010-90CC 
VL2010-90PC 
VL2010-90QC 
VL2010-90GC 


Package 


Ceramic DIP 
Plastic DIP 
PLCC 
Pin Grid Array 
| Ceramic DIP 
Plastic DIP 
PLCC 

Pin Grid Array 


DESCRIPTION 

The VL2010 is a 16 X 16 parallel 
multiplier-accumulator (MAC) fabric- 
ated using CMOS silicon-gate 
technology. The VL2010 offers ultra- 
low power and very high performance. 
The high performance is achieved 
through the use of the efficient Booth's 
algorithm and advanced VLSI 


processing technology. 


The VL2010 operates from a single five 
volt supply and is compatible with 
standard TTL logic levels. The VL2010 
is a pin-for-pin functional replacement 
for the WTL1010, WTL 2010, TRW 
TDC1010J or AMD 29510. 


The VL2010, under control of the ACC 
input (see Block Diagram), performs 
either the multiply only, or the multiply- 
accumulate function. In either mode, 
input data X and Y can be specified as 
two's complement or unsigned 
magnitude. Input data representation 
is selectable via the input control line 
TC. In the multiply-only mode, 
extended product (XTP) data is sign- 
extended or set to zero for two's 
complement and unsigned-magnitude 
arithmetic, respectively. Additionally, 

a RND control is available for rounding 
up the most significant product (MSP) 


BLOCK DIAGRAM 


x 
16 CLKX 


CLKP 


PREL 


X REGISTER | _ REGISTER 


16 X 16 MULTIPLIER ARRAY 


and extended product (XTP) data. In 
the multiply-accumulate mode, the 
double-precision accumulated answer 
is rounded back to single-precision or 
single-precision plus XTP bits. 


The VL2010 architecture includes 
inout and output data registers, as well 
as 3-state output data buses with 
independent, non-registered control. 
Time-multiplexing is used for the 
common Least Significant Product 
(LSP) and Input Daia (Y) I/O lines. 
Input lines TSX, TSM, and TSL, 
respectively, control the outputs of the 
XTP, MSP, and LSP registers. 


In the multiply-accumulate mode (ACC 
active), output data can be added to or 
subtracted from the last product. . 
When SUB is also active, subtraction 
is performed. Otherwise, addition is 
performed. 


The VL2010 can be efficiently applied 
in a variety of digital signal processing 
functions, including digital filtering 
(recursive, non-recursive, wave) and 
FFT processing (complex 
multiplication, butterfly computation). 
In addition, the VL2010 can be 
employed effectively in upgrading the 
computational capability of mini- and 
microcomputer systems. 


YV/LSP 
CLKY 


7 EE VL2010 
PIN DESCRIPTIONS 
X 


Data Input 
X is a 16-bit input. Data bits are loaded 
on the rising edge of CLKX. 


Y/LSP 
Data Input/— 
Data Output | 


These pins share functions between Y 


(16-bit data input) and LSP (least 
significant product output). Input data 
bits are loaded on the rising edge of 
CLKY. Output LSP data bits are 
available following the rising edge of 
CLKP. 


MSP 

Data Output 

The 16-bit most-significant product 
output. MSP data is available following 
the rising edge of CLKP. | 


CLKX, CLKY 

Input Clocks 

These X and Y data input register 
clocks are active on their rising edges. 


ACC. 

Accumulate 

A HIGH level input permits the 
contents of the LSP, MSP, and XTP 
registers to be added to the multiplier 
output. A LOW level input allows 
multiplication only. The ACC signal is 
loaded on the rising edge of either 
CLKX or CLKY, and must be valid for 
the entire duration of input data. 


SUB 

Subtract 

When ACC and SUB are both HIGH, 
the contents of the output register are 
subtracted from the last product 
generated, and the difference is stored 
back into the output registers at the 
rising edge of the next CLKP. When 
ACC is HIGH and SUB is LOW, addition 
instead of subtraction is performed. 
The SUB signal is loaded into the SUB 
register at the rising edge of either 
CLKX or CLKY. 


The SUB signal must be valid over the 
same period that the input data is | 
valid. When ACC is LOW, SUB is a 
"Don't Care" pin. 


- level defines the input data as 


PIN DIAGRAM 


RND 

Round 

A HIGH-level input causes a "1" to be 
added to the most significant bit of the 
LSP to round up MSP and XTP data. 
RND is loaded on the rising edge of 
either CLKX or CLKY and must be valid 
for the duration of the input data. 


TC 

Two's Complement/ Unsigned 
Magnitude 

A HIGH-level input defines X and Y as 
two's complement data, while a LOW 


unsigned magnitude. As with ACC, 
SUB, and RND, TC is loaded at the 
rising edge of either CLKX or CLKY and 
must be valid for the duration of the 
input data. 


TSX,TSM,TSL 

3-state Output Controls 

The LSP, MSP, or XTP output buffers 
are at high-impedance (output__ 
disabled) when TSL, TSM, or TSX, 
respectively, is HIGH. These are 
direct, nonregistered control signals. 
The output drivers are enabled when 
TSL, TSM, or TSX is LOW. 


PRELOAD TRUTH TABLE 


VL2010 
DIP 


PREL | TSX | TSM | TSC_| xTP_| MSP __ 
o | o | o | o | @ | Qi 
a a a ae ee ee «ee 
a ae eae a ne ee ee 
a ae a ee ae ee ee a ee 
ee er ee ee a ee 
a se ee ae 
i a a ee 
0 Hi-Z 
1 | o | o | o f Hz | HZ | 
es es a as De DS ee 
Te Oe we Oke cE | 
foo SO ete 
eS a (a a aa a le 
a (a eae eae (ee ee a ae 
ee (ae (a a | (ree 
1 

Note: 


Hi-Z = Output buffers at high impedance (Output disabled). 
Q = Output buffers at low impedance. Contents of output registers will be transferred to 


output pins. 
PL = Output buffers at high impedance, or output disabled. Preload data supplied 


externally will be loaded into the output register at the rising edge of CLKP. 
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DATA FORMATS 
FRACTIONAL TWO'S COMPLEMENT 


BIT 15 14 
VALUE SGN 22 
INPUT 


[ae ee ee, 
VALUE 2-16 
Notes: 


. The value of the input sign bits is 20, 

2. The format shown uses a two's complement fractional notation. Note that the location of the binary point signifying the 
separation of the integer and fractional fields is just after the sign, between the sign (- -20) and and the next most significant 
bit for the multiplier inputs (-2 21). This scheme is carried over to the output format, except that an extended significance to 
the integer field is provided to extend the utility of the accumulator. Consistent with the input notation, the output analy 
point is located between the -20 and the -21 bit positions. 


—_ 


The location of the binary point is arbitrary, as long as one is consistent with both input and output formats. One can 
consider the number field entirely integer, i.e., with the binary point just to the right of the least eaiuica™ bit for input, 
product, and accumulated sum. 


w 


. When nonaccumulating, all first four bits (P34 to P31) will indicate the sign of the product. The P30 term will also indicate 
the sign, except for the one exceptional case when mfitiplying -1 X -1. Note that, with the additional significant bits 
available on this multiplier, -1 X -1 is a valid operation yielding +1 product. 


4, Whether accumulating the sum of products or doing single products, there is no change in format. However, the three 
additional most significant bits (the guard bits) are provided to allow valid summation beyond that available for a single 
multiplication product. For further clarification, no difference exists between this organization and one which would have the 
product accumul;ation off-chip in a separate 18-bit adder. Taking the sign at the ost siginificant bit position guarantees that 
the largest number field will be used. In operation, the sign will be extended into the lesser significant bit positions when the 
accumulated sum only occupies a right-hand portrion of the accumulator. As an example, when the sum only occupies the 
least three bit positions, then the sign will be extended through the 16 most significant positions. 


INTEGER MAGNITUDE 


» 2 1 0 
INPUT Q 


VALUE tS = es 


OUTPUT ae a7 | 
x 
LSP ss : 


VALUE 


Wilk Vi2010 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage -0.5to 7.0 V Stresses above those listed under those listed on the operational 
‘Input Voltage — -0.5to 7.0 V "Absolute Maximum Ratings" may sections of this specification is not 
Output Voltage -0.5 to 7.0 V cause permanent damage to the implied and exposure to absolute 
Operating Temperature 0°C to 70°C device. These are stress ratings only. maximum ratings conditions for 
Storage Temperature -65°C to 150°C Functional operation of this device at extended periods may affect device 
Lead Temperature (10 Sec.) 300 °C_ these or any other conditions above reliability. 

Junction Temperature 175 °C 


DC CHARACTERISTICS TA=0°Cto70°C, VCC=5V=.25V_ 


Symbol 
VIH 

VIL 
VOH 


VOL 
ItH 
HL 
IOH 
lOL 
ICC 


ICC/F 


CAPACITANCE TA=0°C to 70°C 


Symbol 
Cl 


CO | 


_|HIGH-level Input Voltage 


| LOW-Level Output Voltage 
|HIGH-level Input Current | 


_|HIGH-level Output Current 
— |LOW-Level Output Current 


| Supply Current Increase/MHz | 


Conditions 


VCC = Min; IOH = -.04 


unit | 
03 loa | [vCC=Min;IOL=4.0mA 
pA 
A 
mA | 
mA | 
mA | 


HIGH-level Output Voltage 


3 
> 


WA [VCC = Max; VIH = 2.4V 


LOW-Level Input Current wA VCC = Max: VIL = 0.4v 


io) 


Supply Current at DC mA VCC = Max; DC Cond. 


Pi ¢ Nm 


—[eieeks UnatchesConois || ideo 
ee 


Output Capacitance 


Conditions 


Ze} no} 


AC CHARACTERISTICS 


Symbol Parameter 


tD Output Delay 


tENA Output Enable Delay 


Min Typ 
ano | a 
ce 
30 35 


TA =0°C to 70 °C, VCC =5V+.25V 


Max 


Unit 


ns 
tDIS Output Disable Delay | | 28 | 30 | 


Multiply-Accumulate 


MA Time 


tH Input Register Hold Time 


TIMING DIAGRAM 


X,Y,TC, 
RND, ACC, SUB 


CLKX , CLKY 


CLKP 


PREL 


TSL, TSM, TSX 


OUTPUT PINS 


VL2010-65 


LOAD TIMING 


tDIS 
tENA 


HIGH. IMPEDANCE 


tMA 


vere | | ef 


Conditions 


Load 1 (Figure 3) 


Load z (Figure 4) 


Ic. 
tPW Clock Pulse Width | 25) 
tS Input Register Setup Time 


cae cS 


OUTPUT TIMING 


DATAOUT 


PRELOAD TIMING 


PRELOAD IN 
DATA 


Wik VL2010 


FIGURE 1. INPUT EQUIVALENT CIRCUIT 


FIGURE 2. OUTPUT CIRCUIT 


VCC 


F 


~ OUTPUT 
FIGURE 3. TEST LOAD FOR DELAY 
MEASUREMENT 
| VCC 


FROM 
OUTPUT 
PIN 


FIGURE 4. TEST LOAD FOR 3-STATE DELAY 


FIGURE 5. SUPPLY CURRENT VS OPERATIN 
FREQUENCY 
100 


T= = 55°C T=25°C 


6 8 10 12 14 16 18 20 
Frequency (MHz) 


75 


FIGURE 6. MULTIPLY-ACCUMULATE TIME VS 
AMBIENT TEMPERATURE 


105 
95 
-- VL2010-90 : 
tMA 
VL2010-65 
55 
45 : 


VL2044 


16 x 16 PARALLEL MULTIPLIER-ACCUMULATOR 


FEATURES 


* 16 X 16 parallel multiplication and 
product accumulation 


* High speed 
Multiply-accumulate time: 
VL2044-65 50nstyp 65ns max 
VL2044-90 65nstyp 90ns max 
* CMOS silicon-gate technology 
* Low power; 0.2 W typical 
(VL2044-90) 
* Single 5 V supply 
* Standard TTL-compatible I/O levels 
* Performs double-precision 
subtraction, addition, and 


multiplication, including rounding 
control 


* With the exception of preload 
function, pin-for-pin functional 
replacement for WTL1010, WTL2010, 


TRW TDC1010J, LMA1010, and AMD 


29510 


* Available in 64-pin ceramic DIP, and 
soon to be available in plastic DIP, 
Plastic Leaded Chip Carrier, and Pin 
Grid Array 


* Pin-for-pin replacement for WTL2044 


DESCRIPTION 

The VL2044 is a 16 X 16 parallel 
multiplier-accumulator (MAC) 
fabricated using CMOS silicon-gate 
technology. The VL2044 offers 
ultralow power and very high 
performance. The high performance is 
achieved through the use of the 
efficient Booth’s aigorithm and 
advanced VLSI processing 
technology. 


The VL2044 operates from a single five 
volt supply and is compatible with 
standard TTL logic levels. Except for 
the preload function, the VL2044 is a 
pin-for-pin functional replacement for 
the WTL1010, WTL 2010, TRW 
TDC1010J or AMD 29510. 


The VL2044, under control of the ACC 
input (see Block Diagram), performs 
either the multiply only, or the multiply- 
accumulate function. In either mode, 
input data X and Y can be specified as 
two's complement or unsigned 
magnitude. Input data representation 
is selectable via the input control line 
TC. In the multiply-only mode, 
extended product (XTP) data is sign- 
extended or set to zero for two's 
complement and unsigned-magnitude 
arithmetic, respectively. Additionally, 

a RND control is available for rounding 
up the most significant product (MSP) 
and extended product (XTP) data. In 


the multiply-accumulate mode, the 
double-precision accumulated answer 
is rounded back to single-precision or 
single-precision plus XTP bits. 


The VL2044 architecture includes 
input and output data registers, as well 
as 3-state output data buses with 
independent, non-registered coniroi. 
Time-multiplexing is used for the 
common Least Significant Product 
(LSP) and Input Data (Y) I/O lines. 
Input lines TSX, TSM, and TSL, 
respectively, control the outputs of the 
XTP, MSP, and LSP registers. 


In the multiply-accumulate mode (ACC 
active), output data can be added to or 
subtracted from the last product. 
When SUB is also active, subtraction 
is performed. Otherwise, addition is 
performed. 


_ The VL2044 can be efficiently applied 


in a variety of digital signal processing 
functions, including digital filtering 
(recursive, non-recursive, wave) and 
FFT processing (complex 
multiplication, butterfly computation). 
In addition, the VL2044 can be 
employed effectively in upgrading the 
computational capability of mini- and 
microcomputer systems. 


ORDER INFORMATION 


Multiply/ 
Accumulate 
Time 


Part 


VL2044-65CC Ceramic DIP 


VL2044-65PC Plastic DIP 
VL2044-650C PLCC 
VL2044-65GC Pin Grid Array 


VL2044-90CC 
VL2044-90PC 
VL2044-900C 
VL2044-90GC 


Ceramic DIP 


Plastic Dip 
PLCC 
Pin Grid Array 


BLOCK DIAGRAM 


16 CLKX 


Tc Y/LSP 


16 


X REGISTER REGISTER Y REGISTER 


16 X 16 MULTIPLIER ARRAY 


35 


CLKP XTP REGISTER MSP REGISTER LSP REGISTER 
Ni kanes Saeki 
i> GEES 


a 
16 


LSP 


—, 
— 
— 


| /VL2044 


SIGNAL DESCRIPTIONS 

X 

Data Input | 

X is a 16-bit input. Data bits are loaded 
on the rising edge of CLKX. 


Y/LSP 

Data Input/ 

Data Output 

These pins share functions between Y 
(16-bit data input) and LSP (least 
significant product output). Input data 
bits are loaded on the rising edge of 
CLKY. Output LSP data bits are _ 
available following the rising edge of 
CLKP. 


MSP 

Data Output 

The 16-bit most-significant product 
output. MSP data is available iovowing 
the rising edge of CLKP. 


CLKX, CLKY 

Input Clocks 

These X and Y data input register 
clocks are active on their nsng edges. 


ACC 

Accumulate _ 

A HIGH level input permits the 
contents of the LSP, MSP, and XTP - 
registers to be added to the multiplier 
output. A LOW level input allows | 
multiplication only. The ACC signal is. 
loaded on the rising edge of either 
CLKX or CLKY, and must be valid for 
the entire duration of input data. 


SUB 

Subtract 

When ACC and SUB are both HIGH, 
the contents of the output register are 
subtracted from the last product 


generated, and the difference is stored | 


back into the output registers at the 
rising edge of the next CLKP. When 


ACC is HIGH and SUB is LOW, addition 


instead of subtraction is performed. 
The SUB signal is loaded into the SUB 
register at the rising edge of either 
CLKX or CLKY. 


The SUB signal must be valid over the 
same period that the input data is 
valid. When ACC is LOW, SUB is a 
"Don't Care" pin. 


RND 

Round 

A HIGH-level input causes a "1" to be 
added to the most significant bit of the 
LSP to round up MSP and XTP data. 
RND is loaded on the rising edge of 
either CLKX or CLKY and must be valid 
for the duration of the input data. : 


TC 

Two's Complement/ Unsigned 
Magnitude 

A HIGH-level input defines X and Y as 
two's complement data, while a LOW 
level defines the input data as 
unsigned magnitude. As with ACC, 
SUB, and RND, TC is loaded at the © 
rising edge of either CLKX or CLKY and 
must be valid for the duration of the — 
input data. 

TSX,TSM,TSL 

3-state Output Controls 

The LSP, MSP, or XTP output buffers 
are at high-impedance (output __ 
disabled) when TSL, TSM, or TSX, 
respectively, is HIGH. These are 
direct, nonregistered control signals. 
The output drivers are enabled when 
TSL, TSM, or TSX is LOW. 


CLKP 

Output Clock — 3 
The output registers are loaded follow- 
ing the rising edge of CLKP. This rising 
edge may occur after or before the 
falling edges of TSL, TSM, or TSX. 
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PIN CONFIGURATION 


VL2044 
— DIP 


DATA FORMATS 
FRACTIONAL TWO'S COMPLEMENT 


: BIT 15 14 13 |\ 
> 


VALUE SGN| 271 a 


BIT | 34 | 33 32 
XTP 


cats 


Notes: 
1. The value of the input sign bits is -20. 


2. The format shown uses a two's complement fractional notation. Note that the location of the binary point signifying the 
separation of the integer and fractional fields is just after the sign, between the sign (-29) and and the next most significant 
bit for the multiplier inputs (-21 ). This scheme is carried over to the output format, except that an extended significance to 
the integer field is provided to extend the utility of the accumulator. Consistent with the input notation, the output binary 
point is located between the -29 and the -2! bit positions. 


The location of the binary point is arbitrary, as long as one is consistent with both input and output formats. One can 
consider the number field entirely integer, i.e., with the binary point just to the right of the least significant bit for input, 
product, and accumulated sum. —_ 


3. When nonaccumulating, all first four bits (P34 to P31) will indicate the sign of the product. The P30 term will also indicate 
the sign, except for the one exceptional case when multiplying -1 X -1. Note that, with the additional significant bits 
available on this multiplier, -1 X -1 is a valid operation yielding +1 product. 


4, Whether accumulating the sum of products or doing single products, there is no change in format. However, the three 
additional most significant bits (the guard bits) are provided to allow valid summation beyond that available for a single 
multiplication product. For further clarification, no difference exists between this organization and one which would have the 
product accumulation off-chip in a separate 18-bit adder. Taking the sign at the most siginificant bit position guarantees 
that the largest number field will be used. In operation, the sign will be extended into the lesser significant bit positions when 
the accumulated sum only occupies a right-hand portion of the accumulator. As an example, when the sum only occupies 
the least three bit positions, then the sign will be extended through the 16 most significant positions. 


INTEGER MAGNITUDE 


INPUT 


OUTPUT 


Vik VL2044 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage -0.5to7.0V Stresses above those listed under 
Input Voltage -0.5to5.5V "Absolute Maximum Ratings” may 
Output Voltage -0.5t0o5.5 VV cause permanent damage to the 


Operating Temperature 0°C to 70°C device. These are stress ratings only. 
Storage Temperature -65°C to 150°C Functional operation of this device at 
Lead Temperature (10 Sec.) 300°C _ these or any other conditions above 
Junction Temperature 175 °C 


those listed on the operational 
sections of this specification is not 
implied and exposure to absolute 
maximum ratings conditions for 
extended periods may affect device 
reliability. | 


DC CHARACTERISTICS TA=0°Cto70°C, VCC =5V=.25V 


Unit | Conditions 


VCC = Min; IOH = -0.4A 


VOR _[HiGHHievel OuputVotags——=S~=~“‘*‘“‘*iA~SC*dOY 
vot 


NH HIGH-level Input Current 

HL LOW-Level Input Current 

IOH ~ |HIGH-level Output Current 7 
LOW-Level Output Current 

ICC Supply Current atDC © 


fe 
is 


ICC/F Supply Current Increase/MHz 


CAPACITANCE TA =0°Cto 70°C (Note 1) 


VCC = Min; IOL = 4.0mA 


VCC = Min; VOL = 0.4 V 


Com 
VCC = Max; DC Cond 


mA/ = 
aco 


Typ [Max [Unit |Conditions 


| Clocks, Unlatched Controls - 20 
Cl Input Capacitance ae ee oe pF 
Data, Latched Controls a ae ae 


a 


Note: 1. The specifications for capacitance (input and output) are guaranteed by design, but not tested. 
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AC CHARACTERISTICS TA=0°Cto 70°C, VCC =5V+.25V 


Symbol Parameter Min |Typ Max Unit 
tD Output Delay VL2044-90 BEES 
ns 
VL2044-65 20 30 


ax [aewewm ow Tf 
o8 Ene 
VL2044-90 es he | 
VL2044-65 ioe oe 
z ~ t_ 
: a 
=f seenawne f || 


N 
Ol 


Multiply-Accumulate 


me Time 


O1 
oO 


TIMING DIAGRAM 


X,Y,1C, ~ CONTROL AND 
RND, ACC, SUB | DATA IN 


tH 
tS 


CLKX , CLKY 

OUTPUT TIMING 
LOAD TIMING 
CLKP 
TSL, TSM, TS 
tDIS tENA 
OUTPUT PINS 
HIGH IMPEDANCE } 
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Conditions 


Load 1 (Figure 3) 


Load 2 (Figure 4) 


Vila vi2044 


FIGURE 1. INPUT EQUIVALENT CIRCUIT 


FIGURE 2. OUTPUT CIRCUIT 


VCC 


= 


OUTPUT 
FIGURE 3. TEST LOAD FOR DELAY 
MEASUREMENT 
VCC 


FROM 
OUTPUT 
PIN 


FIGURE 4. TEST LOAD FOR 3-STATE DELAY 


FIGURE 5. SUPPLY CURRENT VS OPERATING 
FREQUENCY 
100 : 


T=-55°C T=25°C 


0 2 4 6 8 10 12 14 16 18 20 
Frequency (MHz) 


75 


FIGURE 6. MULTIPLY-ACCUMULATE TIME VS 
AMBIENT TEMPERATURE 
105 , 


95 


/ . VL2044-90 
tMA | 
(ns) 75 


VL2044-65 
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EY VLSI TECHNOLOGY, INC. 


SECTION 6 

DATA 
COMMUNICATIONS 
PRODUCTS 


Application Specific | 
Logic Products Division 


VL16C450 - VL82C50A * VL82C50 


ASYNCHRONOUS COMMUNICATIONS ELEMENT 


FEATURES 
¢ Full double buffering 


Independent control of transmit, 
receive, line status and data set 
interrupts 


Modem control signals include CTS, 


RTS, DSR, DTR, RI and DCD. 

Programimabdis seriat interface 

characteristics: 

—5-,6-,7- or 8-bit characters 

—Even-, odd- or no-parity bit 
generation and detection 

—1-, 1%- or 2-stop bit generation 

— Baud rate generation (dc to 56K 
baud) | 


e Full status reporting capabilities 


PIN DIAGRAMS 


VL16C450 
VL82C50A 
VL82C50 


“ON THE VL82C50, PIN 38 (PIN 42 ON THE PLCC 
PACKAGE) tS ALSO CALLED RLSD 


e 3-state TTL drive capabilities for characters received from peripheral 
bidirectional data bus and control bus devices or modems, and paralle!-to- 
serial conversion on data character 

DESCRIPTION ee eee 


transmitted by the CPU. The complete 
The eater ° a ee status of the ACE can be read at any 
COTO Gallons men ( ) time during functional operation by 
that is functionally equivalent to the the CPU. The information obtained 
VL82C50A, but is an improved- includes the type and condition of the 
specification version of that part. The transfer operations being performed, 


phates seat saurie a alent and error conditions involving parity, 
See Pen SSC Or overrun, framing or break interrupt. 


the-art CPUs. 
A programmable baud rate generator 


The VL16C450, VL82C50A wai ae «ant 
; is included that can divide the timing 
and VL82C50 ACEs serve as reference clock input by a divisor 


serial data input/output interfaces in between 1 and (2"-1) 
microcomputer systems. They perform 
serial-to-parallel conversion on data 


VL16C450 
VL82C50A 
VL82C50 DS 


BAUDOUT 


XTAL1 | DOSTR| VSS | DISTR | ODIS | ADS 
XTAL2 DOSTR NC DISTR CSOUT 


ORDER INFORMATION 


Maximum 
External 
Part Clock 
Number Frequency Package 
VL16C450-PC Plastic DIP 
VL16C450-CC 3.1 MHz Ceramic DIP 
VL16C450-QC Plastic Leaded Chip Carrier (PLCC) 
VL82C50A-PC Plastic DIP 
VL82C50A-CC 3.1 MHz Ceramic DIP 
VL82C50A-QC Plastic Leaded Chip Carrier (PLCC) 
VL82C50-PC Plastic DIP 
VL82C50-CC 3.1 MHz Ceramic DIP 
VL82C50-QC Plastic Leaded Chip Carrier (PLCC) 
Note: 


Operating temperature range: 0°C to + 70°C. 
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BE sorsmanmananccansaoronaaid 
| sae aA 
a 


——- 
~aaee 
—_ 


BLOCK DIAGRAM 


(1-8) 


Aa oo DATA 
‘D7-Do C) BUS © 
1s BUFFER 


' SELECT 
& 


CONTROL 
*“ LoGic 


40) 


POWER Saal +5V 
SUPPLY ———__» GND 


NOTE: 


Hs VL16C450 - VL82C50A - VL82C50_ 


INTERNAL 
DATA BUS 


Ss 


RECEIVER RECEIVER 

BUFFER «KK dC SHIFT 
REGISTER REGISTER 
RECEIVER 


ee 
CONTROL 


CONTROL 
REGISTER 


DIVISOR 
LATCH (LS) 
DIVISOR 
LATCH (MS) 


TRANSMITTER 


& 
CONTROL 


TRANSMITTER 
HOLDING 
REGISTER 


TRANSMITTER 
SHIFT 
REGISTER 


gata : INTERRUPT 
REGISTER CONTROL 
LOGIC 


INTERRUPT 
ID 


APPLICABLE PIN NUMBERS ARE INCLUDED WITHIN PARENTHESES 
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(10) 


(9) 


(15) 


(41) 


(32) 
(36) 
(33) 
(37) 
(38) 
(39) 
(34) 
(31) 


(30) 


SIN 


RCLK 


BAUDOUT 


SOUT 


ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature 


under Bias 0°C to + 70°C 
Storage 

Temperature ~ 65°C to + 150°C 
Voltage on any I/O 

pin with Respect 

to Ground —0.5Vto +70V 
Power Dissipation 700 mw 


VL16C450 - VL82C50A - VL82C50 


Stresses above those listed under 
“Absolute Maximum Ratings” may 
Cause permanent damage to the 


device. These are stress ratings only. 


Functional operation of this device at 
these or any other conditions above 


those indicated on the operational 
sections of this specification is not 
implied and exposure to absolute 
maximum rating conditions for 


extended periods may affect | 
device reliability. | 


DC CHARACTERISTICS Ta = 0°C to + 70°C, VCC = 5V + 5%, VSS = OV, unless otherwise specified 


VL82C50 


Li) 
ro) 
< 
~ | Q 


VL16C450 VL82C50A 
VILX Clock input LOW Voltage }-0.5 | 08 | -05 
VIHX Clock input HIGH Voltage VCC 
VIH Input HIGH Voltage vcc 
VOL Output LOW Voltage 0.4 _ 
VOH Output HIGH Voltage 2.4 Mey awa 2 ak 
ICC Average Power Supply Current 
(Average) | (VCC) 


NL Input Leakage 


ICL 
lOZ 
VILMR MR Schmitt VIL 
VIHMR MR Schmitt VIH 


nN 


oO 
N = _ 
(o>) a=) fo) 


CAPACITANCE Ta = 25°C, f = 1.0 MHz, VCC = VSS = OV 


CXTAL1 | Clock Output Capacitance 
Cl Input Capacitance 
00 


) 
o 
| 
f N,Oo;h 
: O}n|o 
ZZ 
ros) 
nN 
So 


| it 
—, 
© 


© 
is 


> 


> 


Conditions 


1IOL=1.6 mA onall 
Note 1 


JOH = — 1.0 mA Note 1 


VCC = 5.25 V, No loads on 
SIN, DSR, RLSD, CTS, 
DCD. RI =2.0 V. All other 
inputs = 0.8 V. Baud rate 
generator at 4 MHz. Baud 
rate at 56K. 


VCC = 5.25 V, VSS=0V. 
All other pins floating. 


VIN=0V, 5.25 V 


VCC = 5.25 V, VSS =O V. 
VOUT =0V, 5.25 V 

1) Chip deselected 

2) Chip and write mode 
selected 


Conditions 


p 


Unmeasured pins returned 
to VSS 


: rE 


Wile VL16C450 - VL82C50A « VL82C50 


AC CHARACTERISTICS Ta = o°c to +70°C, VCC = 5 V +5%, Note5 


VL16C450 VL82C50A VL82C50 


tDID DISTR/DISTR Delay From ADS 
tDIW DISTR/DISTR Strobe Width 


= 
N 
oi 


a PO ee ain 
iaw | AdsressStobewiah | 60 | | 9 | | 90 
iCS__| ChipSelectSeupTime | 60 | | 90 
iH | ChipSetectHiotine [0 || 0 
sla TTT 
ae 
Ties [ae 
[500 


tRC Ready Cycle Delay 175 500 1735 | ons | 
ne Ready Cycle = tAR(1) + tDIW | 46, oEe | 2000 | pons | 
+ 
DISTR/DISTR to Driver 
DISTR/DISTR to Floating | 
ve [ese emf mf [| [omen 
} DOSTR/DOSTR delay 
Write Cycle = tAW* + tDOW 
ve pe [fe [oe 
* Chip Select Output Delay 
oo [meee [fet pel [l= [= [or 
7 Address Hold Time from 
(omer T= [f= [ fe | [= [awe 
: Chip Select Hold Time from 
; DISTR/DISTR Delay | 
‘ DISTR/DISTR Delay from 
cm [Spero Tw [Pe] fl | [= [om 
* Address Hold Time from 
ow eeomcese [fe [P= [Lm [oe 
* Chip Select Hold Time from 
*« DOSTR/DOSTR Delay 
we [Bemeer=™—e f =f fmf [fm [me 
| * DOSTR/DOSTR Delay | 
cor [exer [| [ot fm, [| = [me 
tXH DurationofClockHIGH Pulse | 140 | | 140 | | 140 | | | ns | 
: External Clock 
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VL16C450 - VL82C50A - VL82C50 


AC CHARACTERISTICS (Cont.) Ta = o'c to +70°C, Vcc = 5V +5% 


Symbol | Parameter Fea Se eee Ea Conditions 


Transmitter 


Delay from rising edge of 
tHR1 DOSTR/DOSTR (WR THR) 100 pF load 


to Reset Interrupt 


Delay from falling edge of 
tHR2 DOSTR/DOSTR (WR THR) n/a n/a 1000 ns 100 pF load 


to reset interrupt 
Delay from initial INTR Reset RCLK 
AS to Transmit Start pales 


Delay from initial Write RCLK 
tSS Delay from Stop to Next Start mop i) 1000 Pine | 
, Delay from Stop to Interrupt RCLK 
iol (THRE) Cycles | Notes 
tIR Delay from DISTR/DISTR (RD 250 100 pF load 


IIR) to Reset Interrupt Maas 
Modem Control 


tMDO Delay from DOSTR/DOSTR 
(WR MCR) to Output 

tSIM Delay to Set Interrupt from 
MODEM Input 

tRIM Delay to Reset Interrupt from 
’ DISTR/DISTR (RS MSR) 


100 pF load 
100 pF load 


100 pF load 


Baud Generator 


Baud Output Negative 
Baud Output Positive 


{X =2 MHz, = 2, 100 pF load 
{X= 3 MHz, = 3, 100 pF load 


tLW Baud Output Down Time 
tHW Baud Output Up Time 


Receiver 
Delay from RCLK to 
Sample Time 
Delay from Stop to Set Interrupt 


Delay from DISTR/DISTR 


(RD RBR/RDLSR) to 100 pF load 


Reset Interrupt 


Notes: 

. Does not apply to XTAL2. 

. Applicable only when ADS is tied LOW. 

. RCLK = tXH and tXL. 

. Charge and discharge time is determined by VOL, VOH and the external loading. 
. Alltimings are referenced to valid 0 and valid 1 (see AC TEST POINTS). 


ahONM — 
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AC TESTING INPUT/OUTPUT WAVE FORM 
EXTERNAL CLOCK INPUT (3.1 MHz MAXIMUM) AC TEST POINTS 


ag tXH 


XTAL1 
0.8V 0.8V 


ia XL a 


TIMING DIAGRAM | 
WRITE CYCLE 


tAW 


—A2 At AO 


_ €$S2 csi cso 


DOSTR/IDOSTR ACTIVE 


DISTRIDISTR K ACTIVE 
[x t0s->}— ron—>| 


DATA | 
D0-D7 VALID DATA 


A 
OR 


Wil Vi16C450 - VL82C50A « VL82C50 


TIMING DIAGRAMS 


READ CYCLE 


CS2 CS1 CSO 


DISTR/DISTR ACTIVE | 
. A 
OR 
y 


A2 Ai AO 


VL16C450 - VL82C50A - VL82C50 V Em 


ADS 


CSOUT 


a ear 


[<A tAR * —____________> RC 


tDID ——> |< tDIW—___> <—_—_—1rc —___>] 


ACTIVE 


DOSTRIDOSTR a X active 


BAUDOUT 


DDIS 
DATA VALID DATA 
D0-D7 ; 


— 


tBHD—>| ~x— 
tBLD i > + tHW 


BAUD OUT 
(+1) 


—>| < teHp —»| tLw 
—>| < tBLD tLW 


BAUD OUT | 
(2) 


Le tw] 
—>| «tein —>| |<—teHo be tHWwal<—— tLw —>| 


BAUD OUT 
(+3) 


—>| |<-teLp ——r| l<— tBHD ee = (N—2) XTAL1 CYCLES 


BAUD OUT | | | | | 
(+N, N>3) - 


Bi 


Wil VL16C450 - VL82C50A - VL82C50 


TIMING DIAGRAMS 


RECEIVER 
RCLK | | | | | | 


~<—_—_____—_—_—_—_———.8 cLks —__________> |~«—-tscp 


SAMPLE CLK 


SIN , . 
(RECEIVER START DATA BITS (5-8) 
INPUT 
DATA) 


SAMPLE 
CLK 


INTERRUPT 
(DATA READY OR. 
RCVR ERR) 


DISTRIDISTR 
(NOTE 2) 


(READ REC 
DATA BUFFER 
OR RDLSR) 


TRANSMITTER 


SERIAL 
OUT (SOUT) 


INTERRUPT 
(THRE) 


DOSTRIDOSTR 
(WR THR) 
(NOTE 1) 


DISTRIDISTR 
(RD 1A) 
(NOTE 2) 


NOTES: 
1. SEE WRITE CYCLE TIMING 
2. SEE READ CYCLE TIMING 
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VL16C450 - VL82C50A «- VL82C50 


a‘ 


TIMING DIAGRAM 
MODEM CONTROLS 


DOSTR/DOSTR 
(WR MCR) 
(NOTE 1) | 


INTERRUPT / \ / \ / 
bs - 


DISTR/DISTR 
(RD MSR) 
(NOTE 2) 
Ri 
NOTES: 


1. SEE WRITE CYCLE TIMING 
2. SEE READ CYCLE TIMING 


tMDO |~<+— <a— tM D0» 


ae a he wan tRIM— 


BASIC CONFIGURATION 
VL16C450, VL82C50A, VL82C50 


VL16C450 
VL82C50A 
VL82C50 


EIA 


DRIVERS TO RS 232 


INTERFACE 


> 


TYPICAL COMPONENT VALUES 


“s 
“ 
; 


VL1935 


SYNCHRONOUS DATA LINE CONTROLLER 


FEATURES 
HDLC, SDLC, ADCCP AND CCITT X.25 COMPATIBLE 


SDLC LOOP DATA LINK CAPABILITY 
FULL OR HALF DUPLEX OPERATION 
DC TO 2.0 MBITS/SEC DATA RATE 


TION AND CHECKING 

PROGRAMMABLE NRZ!I ENCODE/DECODE 
FULL SET OF MODEM CONTROL SIGNALS 
DIGITAL PHASE LOCKED LOOP 

FULLY COMPATIBLE WITH MOST CPU’S 


ERROR DETECTION: CRC, UNDERRUN, OVERRUN, 
ABORTED OR INVALID FRAME ERRORS 


STRAIGHT FORWARD CPU INTERRUPTS 
PROGRAMMABLE MODEM CONTROL INTERRUPTS 
DOUBLE BUFFERING OF DATA 

VARIABLE CHARACTER LENGTH (5, 6, 7 OR 8 BITS) 
RESIDUAL CHARACTER CAPABILITY 

ADDRESS COMPARE 

GLOBAL ADDRESS RECOGNITION 

EXTENDABLE ADDRESS FIELD 

EXTENDABLE CONTROL FIELD 

AUTOMATIC ZERO INSERTION AND DELETION 
MAINTENANCE MODE FOR SELF-TESTING 


PIN-COMPATIBLE REPLACEMENT FOR 
WD1933 AND WD1935 


PIN DIAGRAM 


REOM 1 4of—] VCC (+5) 
“EOB 2 CD 
“RE 3 CBO 
CS 4 37] ©D1 
MISC OUT 5 36/77) Rio 
INTRO 6 35[__] Ri 
WE 7 Ri 
Do 8 DSR 


MR 
‘OTR MISC IN 
DRQO At 
DRI 22[7] AO 


VSS (GND) 


PROGRAMMABLE/AUTOMATIC FCS (CRC) GENERA- 


Number 


DESCRIPTION 

The VL1935 is a MOS/LSI microcomputer peripheral de- 
vice which performs the functioning of interfacing a 
parallel digital system to a synchronous serial data com- 
munication channel employing ISO’s HDLC, IBM’s SDLC or 
ANSI’s ADCCP line protocol. These protocols are referred 
to as Bit-Oriented Protocols (BOP). 


The chip is fabricated in N-channel depletion load MOS 
technology and is TTL Ccompatibdie on aii inputs and Gut- 
puts. This controller requires a minimum of CPU software 
by supporting a comprehensive frame-level instruction set 
and by hardware implementation of the low level tasks 
associated with frame assembly/disassembly and data in- 
tegrity. It can be programmed to encode/decode NRZI data. 
The internal clock is then derived from the NRZI data using 
a digital phase locked loop. 


The receiver and transmitter logic operates as two total 
independent sections with a minimum of common logic. 
The frames are automatically checked for errors during re- 
ception by verifying correct Frame Check Sequence (FCS). 
In transmit mode, the FCS is automatically generated by 
this controller and sent before the final Flag. It also contin- 
uously checks for other errors. In case of an error, the CPU 
is interrupted. 


The controller recognizes and can generate Flag, Abort, 
idie and GA characters. VL1935 can be used in an SDLC 
Loop configuration. An End of Block option is supplied to 
minimize CPU time. A full set of modem control signals are 
supplied to minimize external hardware. 


ORDER INFORMATION 


Part Clock 
Frequency Package 


VL1935-10PC Plastic DIP 
VL1935-10CC 0.5 MHz Ceramic DIP 
VL1935-10QC Plastic Leaded 

Chip Carrier (PLCC) 
VL1935-11PC Plastic DIP 
VL1935-11CC 1.0 MHz Ceramic DIP 
VL1935-11QC Plastic Leaded 
| Chip Carrier (PLCC) 
VL1935-12PC Plastic DIP 
VL1935-12CC 1.5 MHz Ceramic DIP 
VL1935-12QC Plastic Leaded 

Chip Carrier (PLCC) 
VL1935-13PC Plastic DIP 
VL1935-13CC 2.0 MHz Ceramic DIP 
VL1935-13QC Plastic Leaded 

Chip Carrier (PLCC) 


Note: 
Operating temperature range: 0°C to + 70°C. 
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PIN DESCRIPTION 


N 


@ 


8 thru 15 
16. 


17 


18 


19 


20 


21 thru 23° 


24 
25 


26 
27 


28 
29 


30 


31 


MISC OUT 


INTRQ 


WE 


‘ SIGNAL NAME 


Received End 


of Message 


End of Block 


Read Enable 


Chip Select 


Misc Output 


._ Interrupt 
Request 


Write Enable 


~ Data Bus 


Master Reset 


Data Terminal 


. Ready 


Data Request 


Output 


Data Request 
Input 


Vss 
ADDRESS 


Misc Input 
Transmitted Data 


Receive Clock 


- Received Data 


NRZI 


_ Clear to Send 


DPLL Select 


Transmit Clock 


~ FUNCTION 


Received End of Message with no Errors. This output signal is 
the inverse of IR7, bit 7 of the Interrupt Register. 


This input, when low, function as an FCS command. Is independent | 


of CS. 
This input, when low (and cS is active), gates the content of ad- 
dressed register onto the Data bus. 


This input, when low, selects the VL1935 for a read or write operation 
to/from the Data bus. 


This output is an extra programmable output signal for the conve- 
nience of the user. Is controlled by the CR10 bit. 


This output is high whenever any of the interrupt register bits IR7-IR3 
are set. TC must be asserted to assert INTRQ. | 


This input when low (and CS is active), gates the content of the Data 
bus into the addressed register. 


_ Bidirectional three-state Data Bus. Bit 7 is MSB. 


This input, when low, initializes all the registers, and forces the 
VL1935 into an idle state. The VL1935 will remain idle until a com- 
mand is issued by the CPU. 


Modem Control Signal. This output, when low, indicates to the Data 
Communication Equipment (DCE) that the VL1935 is ready to trans- 
mit or receive data. . 


This output, when high, indicates that the Transmitter Holding Register 
(THR) is empty and ready to receive a data character from the Data 
bus for a transmit operation. 


This output, when high, indicates that Receiver Holding Register 
(RHR) contains a newly received data character, available to be read 
onto the Data bus. 


Ground 


These inputs are used to address the CPU interface registers for read/ 
write operations. 


' This input is an extra input signal for the convenience of the user. The 


state is shown by the SR4 bit. 


This output transmits the serial data to the Data Communications 
Equipment/Channel. 


This input is used to synchronize the received data. 


This input receives the serial data from the Data Communication 
Equipment/Channel. 

This input, when low, sets the VL1985 in NRZI mode. 

Modem Control Signal. This input when low, indicates that the DCE is 
ready to accept data from the VL1935. 

This input controls the internal clock. When high (1X clock), the ex- 
ternal clock has the same frequency as the internal clock. When low 


(32X clock), the external clock is 32 times faster than the. internal clock 
and the DPLL Logic is enabled. , 


This input is used to synchronize the transmitted data, as well as gen- 
erating either Receive or Transmit INTRQ’s. 
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PIN DESCRIPTION (continued) 


PIN 
NUMBER 


SIGNAL NAME FUNCTION 


Request to Send 


Modem Control Signal. This output, when low, indicates to the DCE 
that the VL1935 is ready to transmit data. 


33 Data Set Ready | Modem Control Signal. This input, when low, indicates that the DCE 
is ready to receive or transmit data. 

34 Ring Indicator Modem Control Signal. This input, when low, indicates a ringing signal 
Deing received on the communication channel. 

35 Ring Indicator These inputs are used to program Ring Indicator interrupts. 

36 Interrupt Control 

37 Carrier Detect These inputs are used to program Carrier Detect Interrupts. 

38 Interrupt Control 

39 Carrier Detect Modem Control Signal. This input, when low, indicates there is a car- 


rier signal received by the local DCE from a distant DCE. 
+5VDC 


Vcc 


TABLE 1. VL1935 GLOSSARY 


TERM DEFINITION/DESCRIPTION 

BOP Bit-oriented protocols: SDLC, HDLC, and ADCCP 

ABORT 11111111 (seven or more contiguous 1's) 

GA Go-ahead pattern. 01 111111 (O(LSB) followed by seven 1’s) 

LSB First transmitted bit and first received bit. (Least significant bit) 

MSB Last transmitted bit and last received bit. (Most significant bit) 

IDLE 111111114 11111111 (15 or more contiguous 1's) 

FLAG 01111110. Starts and ends a Frame. | 

A-FIELD Address-field in the Frame. Consists of one or more 8-bit characters. Defines the address 
of a particular station. . 

C-FIELD Control field in the. Frame. Consists of one or two 8-bit characters. | 

I-FIELD Information field in the Frame. Consists of any number of bits. 

FCS Frame Check Sequence. A 16-bit error checking field sequence. 

FRAME A communication element, consisting of a minimum of 32 bits, and delimited by FLAGS. 


GLOBAL ADDRESS An A-field character of eight 1's. When this is compared and matched in the Address com- 
parator, the DRQI will be set, indicating a valid address 


RESIDUAL The last I-field character, consisting of a lesser amount of bits than the other I-field char- 
CHARACTER acters in the Frame. 
DATA SET Data Communication Equipment (DCE). May be a modem. . 
BIT TIME Length in time of a serial data bit. 
APPLICATIONS 
COMPUTER COMMUNICATIONS PACKET SWITCHING 
TERMINAL COMMUNICATIONS MULTIPLEXING SYSTEMS 
COMPUTER TO MODEM INTERFACING DATA CONCENTRATOR SYSTEMS 
LINE CONTROLLERS SDLC LOOP DATA LINK SYSTEMS 
FRONT END COMMUNICATIONS | DMA APPLICATIONS 
NETWORK PROCESSORS COMMUNICATION TEST EQUIPMENT 
TELECOMMUNICATION SWITCHING NETWORKS LOCAL NETWORKS 


MESSAGE SWITCHING MULTIDROP LINE SYSTEMS 


6-15 


dll 


mg VL1935 


FIGURE 1. VL1935 BLOCK DIAGRAM 
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A BRIEF DESCRIPTION OF HDLC, SDLC AND 
_ ADCCP PROTOCOLS 

The VL1935 is compatible with HDLC, SDLC and ADCCP 
standard communication Link Protocols. These are bit-ori- 
ented, code independent, and ideal for full duplex communi- 
cation. A single communication element is called a FRAME, 
which can be used for both link control and data transfer pur- 
poses. 

The elements of a frame are the beginning eight bit FLAG 
(F) consisting of one logical “0 ” six 1’s and a 0, an eight bit 
ADDRESS-FIELD(A), an eight bit CONTROL-FIELD (C), a 
variable (N bits) INFORMATION-FIELD, a sixteen bit FRAME- 
CHECK-SEQUENCE (FCS), and an eight bit end FLAG (F), 
-having the same bit-pattern as the beginning flag. 


ATA BUS (50-57) 
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REG 
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characters in each field have specific meanings. The Frame 
Check Sequence (FCS) is an error detection scheme similar 
to the Cyclic Redundancy Checkword (CRC) widely used in 


- magnetic disk-storage devices. The frame format is shown 


In HDLC, the address (A) and control (C) characters are: 


extendable (more than one character). An .important char- 
acteristic of a frame is that its contents are made code trans- 
parent by use of a zero bit insertion and deletion technique. 
Thus, the user can adapt any format or code suitable for his 
system. The frame is bit-oriented, meaning that, bits not 


Figure 2. VL1935 TYPICAL SYSTEM INTERFACE. - 
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VL1935 


in Figure 3. ; 
FIGURE 3. VL1935 SDLC/HDLC/ADCCP 
FRAME FORMAT oe 


Where: 
FLAG = 01111110 


Address field—One or more 8-bit characters defining the 
: particular station - 3 


Control field—One or two 8-bit characters 

‘Information field—Any number of bits (may be zero bits): 
Frame Check Sequence— 16-bit error checking field . 
The following features are also part of these protocols. 


ZERO INSERTION/ZERO DELETION—Zero insertion/dele- 
tion is performed within the 2 Flags of a frame. If there are 
more than five 1’s in a row, a 0 is automatically inserted after 
the fifth 1 and it is deleted upon reception by the receiver. 


FRAME CHECK SEQUENCE (FCS)—A 16 bit cyclic redun- 
dancy check (CRC) calculation is performed during trans- 
mission of the data in between the 2 flags of the frame. The 
CRC is then transmitted after the |-field and before the final 
FLAG. Upon reception the receiver also performs. a CRC 
calculation on the incoming data. If there were no transmis- 
sion error, the Receiver CRC equals FOB8 (hex). 
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HARDWARE ORGANIZATION 
The VL1935 block diagram is illustrated in Figure 1 and 
described below. 


CPU Interface Registers 

All of these registers are addressable and to be read from 
and/or written into by the CPU via the Data bus. These are 
8-bit registers and have to be enabled via Chip Select (CS) 
before any data transfer can be done. 

CONTROL REGISTER 1, 2,3(CR1.2.3) Operations are 
initiated by writing the appropriate commands into these reg- 
isters. CR1 should be programmed last. 

RECEIVER HOLDING REGISTER (RHR) When Data 
Request Input is set (DRQI=1), contains received assem- 
bled character. 

ADDRESS REGISTER (AR) Contains the address of the 
accessed VL1935, which is to be compared to the received 
address character (A-field). 

INTERRUPT REGISTER (IR) Contains the cause of the 
current interrupt request. 

TRANSMITTER HOLDING REGISTER (THR) Is to be 
loaded with the next in line character to be transmitted, when 
Data Request Output is set (DRQO=1). 

STATUS REGISTER (SR) Contains the overall status of 
the VL1935 plus some information of the last received 
frame. 


Non-Addressable, Internal Registers 

These registers are transparent to the user, but is men- 
tioned in these data sheets to help the understanding of the 
VL1935. 

TRANSMITTER REGISTER (TR) This 8&bit register 
functions as a buffer between the THR and the TD output. 
It is loaded from the THR (if Data Command) with the next 
character to be transmitted. A FLAG character may also be 
loaded into this register under program control. This 
character is automatically shifted out to the Transmit Data 
output. When the last bit of the current transmitted char- 
acter has left the TR register, a new character will be loaded 
into this register, setting DRQO (Data command) or INTRQ 
(Abort, Flag or FSC command). If at the time when only one 
bit remains left in the TR register, and the THR is not loaded 
oranew command is not programmed (Data command), an 
underrun error will occur. . 

RECEIVER REGISTER (RR) The received data is, via 
the Zero-Deletion logic shifted into this 8-bit register. The 
data is here assembled to a 5, 6, 7 or 8-bit character length 
and then, under the right conditions, parallel transferred to 
the RHR register. 

FCS RECEIVE REGISTER AND FCS XMIT REGISTER 
The VL1935 contains a 16-bit CRC check register (FCS 
REC. REG.) and a 16-bit CRC generation register (FCS XMIT 
REG.). The generating polynomial is: 


G(X) =X" +X? + X84 4 


The transmitter and receiver initialize the remainder value 
to all ones before CRC accumulation starts. The data is 
multiplied by X'® and is divided by G(X). Inserted 0’s are not 
included in the accumulation. Under program control, the 
complement called the frame check sequence (FCS) is sent 
with high order bit first. 


VL1935 ¥ 


Various Internal Circuits 

ADDRESS COMPARATOR This 8-bit comparator is used 
to compare the contents of the Address Register with the first 
address character of the incoming frame. This feature is en- 
abled by a bit in the Command Register. If enabled and there 
is a match, the received frame is valid and DRQIs are gen- 
erated for every character received (including the A-field). If 
enabled and there is not a match or there is no Global Ad- 
dress, the received frame is discarded. If not enabled, all re- 
ceived frames are valid and DRQIs are generated. 

ZERO INSERTION The transmitted data stream is 
continuously monitored by this logic. A zero is automatically 
inserted following five contiguous 1 bits anywhere between 
the beginning FLAG and the ending FLAG of a frame. The 
insertion of the zero bit thus applies to the contents of the 
Address, Control, Information Data, and the FCS field. 

ZERO DELETION The received data stream is continu- 
ously monitored by this logic. Upon receiving five contiguous 
1 bits, the sixth bit is inspected. If the sixth bit is a 0, it is 
automatically deleted from the data stream. If the sixth bit is 
a 1, the seventh bit inspected; if it is a 0, a FLAG is recog- 
nized; if it is a 1 an ABORT or GO AHEAD is recognized. 

DATA BUS (D7- -DO), This is an inverted 8-bit bidirectior- — 
al data bus. 

SDLC LOOP-MODE CONTROL This logic supervises 
the VL1935 running in SDLC Loop mode. It monitors the 
received data for a GO-AHEAD pattern in the case when 
SDLC LOOP MODE bit (CR22) and ACT TRAN bit (CR16) are 
set. When GO-AHEAD pattern is received, this logic sus- 
pends the repeater function and initiates the transmitter func- 
tion. For more details, see functional description of SDLC 
Loop Mode. 

NRZ!I ENCODER/DECODER When this mode is se- 
lected, the NRZI Encoder encodes the “normal” transmitted 
data to NRZI formatted data and the NRZI Decoder decodes 
the received NRZI data to “normal” data. 


A binary 1 for “normal data” is TD = high.. - 

A binary 1 for NRZI data is TD = no change. 

A binary 0 for “normal data” is TD = low. 

A binary 0 for NRZI data is TD = change of state. 


COMPUTER INTERFACE CONTROL This logic inter- 
faces the CPU, to the VL1935 . It supervises the read and 
write functions to the addressable registers, generates data 
requests and interrupts, decodes and initiates commands, 
monitors the status of VL1935, etc. 


MODEM INTERFACE CONTROL This logic interfaces 
and supervises the modem control signals to/from the 
VL1935 . It provides both dedicated (EIA Standard) and user 
defined control functions. 


CLOCK CONTROL This logic interfaces the transmit 
and receive clocks to the VL1935. It converts the external 
clocks to the necessary internal clocks. 


FUNCTIONAL DESCRIPTION 
SDLC Loop Mode 
The diagram below shows an SDLC Loop Data Link Sys- 


tem. VL1935 can be used in any of these stations. 


Wil vL1935 


FIGURE 4. VL1935 SDLC LOOP DATA LINK ing flag. The GA pattern propagates through the loop until a 


secondary station down the loop, that wants to transmit (ACT 
: TRAN bit is set), intercepts the GA pattern and starts to trans- 
t mit as described, or until the primary station receives the 
idles (continuous 1’s), indicating that the GA pattern has cir- 
‘Rewn-toop culated through the entire loop. The primary station then gen- 
erates another GA pattern or terminates its final cale frame 
with continuous 1’s. 

. Repeaters (Secondary stations) delay the received data 

ee ae | . by 4 bits (NRZ1=5 bits) before transmission. __ 

Each secondary station is normally a repeater in Receive The RC and TG clocks must be tied together. The internal 
mode (ACT REC bit on). The primary station is the loop con- DPLL will not function in the loop mode. ; 
troller. Signals sent out on the loop by the primary station are ves 
relayed from station to station, then back to the Primary. Any 1X/32X Clock Option 


Secondary n 


secondary station finding its address in the A-field captures When 1X clock is selected, the data rate equals the ex- 
the frame for action at that station. All received frames are ternal clock (receiver and transmitter). 
relayed to the next station onthe loop. When 32xX clock is selected, the external clock rate is 32 


_ Ifa secondary station tion wants to transmit a message, it sets bmes Tasterinalnine Cateirale, 


the ACT TRAN bit (CTS must be low) and waits for a GO Digital Phase Locked Loop (DPLL) 


AHEAD (GA) pattern. The ACT REC bit must be asserted for This feature is particularly useful in NRZ!I mode and/or 
detection of the GA and other existing patterns. Until the GA when asynchronous modem is used. The purpose of the 
pattern is received, this secondary station continues operat- DPLL is to synchronize the internal 1X clock to the received 
ing as a repeater. The primary station has the responsibility to data, thus insuring that this data is sampled in the middle 
generate the first GA pattern which can be accomplished by a of the incoming serial data bit. DPLL is automatically in op- 
flag followed by continuous 1’s. The primary station must eration when 32X clock is selected. _ | 
continue to send 1’s until the GA has circulated through the The DPLL Logic is initiated at the first received data 
entire loop. The first secondary station with its ACT TRAN bit transition in a frame. Corrections, if needed, are then made 
set detects the GA and changes the last 1 bit of the GA pat- for each received data transition. A 32-counter is used for 
tern to a 0, thus generating the start flag of the frame it wants this operation. At the beginning of each frame and at the - 
to transmit and preventing the GA pattern from propagating first received data transition, this 32 counter is reset. From 
down the loop. The repeater function is then suspended by this time on, the counter increments with one count for 
this secondary station and it goes into the. transmit mode. each external clock pulse. At count 16 the internal 1X clock 
When this secondary station completes its transmission is forced to change state to high (this transition = sam- 
frames, it resets the ACT TRAN bit and reverts back to the pling time). At count 32, the counter resets itself. This 
repeater mode. It repeats the 1’s generated by the primary forces the internal 1X clock again to change State back to 
station to form another GA pattern from the final 0 of its end- - low. 


FIGURE 5. VL1935 DPLL TIMING DIAGRAM — 
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SAMPLE SAMPLE 
DATA DATA 


NOTE 1. FIRST DATA TRANSITION (FIRST FLAG) SETS THE DPLL COUNTER TO 01. 


NOTE 2. DATA TRANSITION IN BETWEEN HERE, OR NO DATA TRANSITION AT ALL, VAYSES NO CORRECTION OF THE 
DPLL COUNTER. 

NOTE 3. DATA TRANSITION IN BETWEEN HERE, WILL INCREMENT ONE COUNT TO THE DPLL COUNTER oe 01 TO 
WHAT IS SHOWN). = 

NOTE 4. DATA TRANSITION IN BETWEEN HERE, WILL DECREMENT ONE COUNT TO THE DPLL COUNTER (SUBTRACT 01 
TO WHAT IS SHOWN). 
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At each received data transition, if the internal clock and 
the received data is out of synchronization, a correction is 
automatically made by + 1 external clock period. See DPLL 
Timing Diagram in Figure 5. 


End Of Block (EOB) 

This is an FCS command. The main purpose of EOB is to 
allow the user to initiate FCS and FLAG without the need of 
using extra computer time. This is particularly practical in 
DMA applications. At the end of a frame, when the last in- 
formation data character has already heen loaded into the 
THR and once again DRQO is set, either a regular FCS com- 
mand is written into CR1 Register, or EOB is to be activated. 
At the end of FCS, when INTRQ is set (XMIT OPCOM), the 
EOB if activated is to be reset again. 


Serial Data Synchronization 

The serial data is synchronized by the externally sup- 
plied Transmit Clock (TC) and Receive Clock (RC). When 1X 
clock is selected, the falling edge of TC generates new 
transmitted data and the rising edge of RC is used to sam- 
ple the received data. When 32X clock is selected, a 32- 
counter (in the DPLL Logic) is used to synchronize the in- 
ternal clock. At time 0, when the counter is reset to 0, the 
new transmitted data is generated. At time 16 (counter = 
16) the received data is sampled, insuring that sampling is 
done in the middie of the received serial data bit. At count 
32, the counter is reset to 0 again. 


Self Test (Diagnostic) Mode 

This feature is a programmable Loop back of data, ena- 
bling the user to make a complete test of the VL1935 witha 
minimum of external circuitry. In this mode, transmitted data 
to the TD pin, is internally routed to the received data input 
circuitry, thus allowing a CPU to send a message to itself to 
verify proper operation of the VL1935. The modem control 
signals DTR and RTS are deactivated (off) to insure no inter- 
ference to/from the Data Communication Equipment (DCE). 
DSR and CTS are internally activated for proper input condi- 
tions. TC and RC should be supplied by the same source if 1X 
clock is selected. 


Auto Flag 

If this is selected and Data Command is executed, contin- 
uous Flags will be sent between frames. This eliminates the 
need to execute the Flag Command. In DMA applications in 
particular, this is very practical. 


Extended Addressing . 

This type of addressing means, that there is more than one 
address character in the A-field. In receive mode, the first 
address character is compared in the Address Comparator of 
the VL1935. The other address character/s is to be com- 
pared by the CPU. The last address character is recognized 
by the fact that the LSB (bit 2°) is a1. 


PROGRAMMING 


Controlling Operation 

Prior to initiating data transmission or reception, CON- 
TROL REGISTER 1-3 (CR1-3) must be loaded with control 
information from the CPU. The contents of these registers 
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will configure the VL1935 for the user’s specific data com- 
munication environment. These registers should be loaded 
during power-on initialization and after a reset operation. 
They can be changed at any time that the respective trans- 
mitter or receiver is deactivated. The CR1-3 dictate what the 
transmitter will send: the type of character (DATA, ABORT, 
FLAG or FCS), the number of bits per character, and the num- 
ber of bits in the residual character. Similarly, they tell the 
receiver the types of frames to look for: the number of bits per 
l-field character, whether to perform an address compare, 
and whether to watch for an extended address. The Contro! 
Register also control Data Terminal Ready (DTR), Misc Out 
and the activation of both the transmitter and the receiver. For 
more detailed information, see Register Formats. 


Monitoring Operation 

Monitoring is done by use of the Interrupt Register (IR) and 
Status Register (SR). The IR register indicates when a frame 
is completed (transmitted or received), if there was an error 
and if there is a Data Set Change. It also monitors the states 
of INTRQ, DRQO and DRQl. 

The SR register indicates if an error is recognized by IR, 
what type of error. It also monitors the modem control 
signals; Ring Indicator (Ri), Carrier Detect (CD), Data Set 
Ready (DSR) and Misc In. 

Furthermore, the SR register monitors if the Receiver is 
idle, and also if in receive mode if the user has programmed 
the Receiver Character Length to be 8 bits per character, this 
register indicates the number of residual bits received. For 
more detailed information, see Register Formats. 


Read/Write Control Of CPU Interface Registers 

These registers are directly accessible from the CPU bus 
(D7-D0) by a read and/or write operation by the CPU. 

The:CPU must set up the VL1935 register address (A2- 
“AO), Chip Select (CS), Write Enable (WE) or Read Enable 
(RE) before each data bus transfer operation. 

During a write operation, the falling edge of WE will initiate 
a VL1935 write cycle. The addressed register will then be 
loaded with the content of the Data Bus (D7-D0). During a 
read operation, the falling edge of RE will initiate a- VL1935 
read cycle. The addressed register will then place its content 
onto the Data Bus (D7-D0). The read/write operation is com- 
pleted, when CS or RE/WE is brought high. 

See Read/Write Timing diagram for more detailed infor- 
mation. . 

For read and write operation, the CR1-3 registers normal- 
ly need no external clock. After reset of CR1-3, TC clock is 
required. The AR and THR registers need no external clock, 
and can only be written into. The RHR, IR and SR registers 
need Transmit Clock (TC) or Receive Clock (RC) to set 
various bits, and are read-only. 

All these registers will get initialized by a Master Reset. A 
read operation of RHR resets the DRQI. A write operation 
to THR, resets the DRQO. A read operation of iR, resets IR 
bits 0 and 3-7. A read operation of SR, resets SR bits 0-2. 
For addressing and external clocks needed, see TABLE 2. 


A more detailed description is shown in Figure 6 of each bit 
location. It should be known, that because the Data Bus 
Lines (D7-D0) have inverted logic, a logic 1, asserted means 
low state. Also, a modem control signal which is inverted 
(example DTR), is in on-state (asserted) when low: 
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TABLE 2. DEVICE ADDRESS CODES 


¢Ss ‘A2 -Ai__-_A0 Read Write External Clock 

L H +H H CR1 CR1 None* 

L _#H H L CR2 CR2 None* 

L H Lb H CR3 CR3 None* | 

L H L OL RHR: AR RHR=RC. AR=None 

L L H H IR THR —IR=TC. THR=None 

L L H L SR — SRO-3=RC. SR4-7=None. 

H X X X X X 
L = Vi_atpins *2.5 TC clock cycles are required 
H = Vip at pins after a Master Reset to be able to 


X = Don’t care 


REGISTER FORMATS 
Below shows a short form register format. 


aT > 17 14 


"1 
ACT | ACT . Hs Leo bg OTR MISC 
REC | TRAN OUT 


O 
P:] 


1 


.@) 
P 


2 


EXT | ADDR} EXT | ACL | RCL | LOOP | SELF | AUTO] 
CONTR] COMP} ADDR 1 0 TEST } FLAG 
37 36 35 34 33 32 31 30 
UN- ‘UN- UN- TRES | TRES | TRES 

USED USED | USED 2 1 0 


SR 


_ 7 6 5. 4 3 2. 1 0 
AF/IF TORUN/| CR 7 
cD MISC | REC. | on | ARES |RRES 
IN | IDLE IRRES 1 0 


FIGURE 6. VL1935 BIT ASSIGNMENTS 


Control Register 1 (CR1) 

When initiating a transmit/receive operation, this should be 
the last register programmed. 

Miscellaneous Output (CR10) This bit controls the Mis- 
cellaneous Output signal to the data set. When CR10 is a 
logical 0, Misc Out is off, when it is a logical 1, Misc Out 
is on. 
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read and write. 


DTR Command (CR11)_ This bit controls the data Ter- : 
minal Ready (DTR) signal to the data set. When CR11 is a 
logical 0, DTR is off. When CR11 is a logical 1, DTR is on. 
When the Self-Test mode is selected, ‘DIR signe! is forced 
to an off state. 

Transmitter Character Length (CR13, 12) These bits 
control the transmitted |-field data character length. The 
data character may be 5, 6, 7 or 8 bits long. 


TABLE 3. TRANSMITTER CHARACTER LENGTH 


pS a SS SSN SN 


Bits Per 
CR13 (TCL1) CR12 (TCLO) Character 
0 0 8 
0 1 7 
1 0 6 
1 1 5: 


Transmitter Commands (CR15, 14) These bits control 
the transmission of DATA (A-field, C-field and I-field), ABORT, 
FLAG, and FCS (FCS plus FLAG). When these commands 
are programmed, the previous command currently still in 
progress, will complete the transmission of its character. 
When this is done, a new character generated by this new 
command, will be transmitted. 


CR 14, 15 canbe programmed asfollows: =~ 

A. If DATA is programmed, the new character to be transmit- 
ted will be the character loaded (or still to be paged)! inthe 
THR REGISTER. . 


B. If ABORT is programmed, the new character will be eight 
logical 1’s. 
Cc 


_If FLAG is programmed, the new character. will be 
01111110. 

. If FCS is programmed, the new character which will be 
transmitted consists of the residual byte (which was auto- 
matically transferred to the XMIT REGISTER, provided 
that CR30-32 and are set correctly), followed by the 16-bit 
content of the FCS XMIT REGISTER and the FLAG. 


One serial bit ahead of this new character (for FCS com- 
mand the FLAG character), the CPU is signalled by DRQO or 
INTRQ that the VL1935 is again ready to receive a new com- 
mand. DRQO is asserted by a DATA command and INTRQ 

(XMIT OPCOM) is asserted by an ABORT, FLAG or FCS com- 
mand. — 


| 
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TABLE 4. TRANSMITTER COMMANDS 


CR15 (TC1) CR14 (TCO) Command Character/s Transmitted Signal to CPU 
0 0 DATA Content of THR DRQO 
0 1 ABORT 1144 1111 INTRQ 
1 0 FLAG 0111 1110 INTRQ 
1 1 FCS FCS + 01111110 INTRQ 


In the case of the DATA command the user has two 
choices; 1. Change the command. 2. Keep the DATA com- 
mand and !oad a new character into the THR register For 
more information, please see the Transmission Timing dia- 
gram, Figure 7. See Table 4 for programming information. 


Activate Transmitter (CR 16) This bit when set, enables 
the transmitter and sets RTS signal. If in SDLC Loop Mode 
(CR22 = set), the transmitter waits for a Go-Ahead pattern 
before the transmitter is enabled. 

Activate Receiver (CR 17) This bit when set activates 
the receiver, which begins shifting in frames one character 
at a time into RR register for inspection. 


CONTROL REGISTER 2 (CR2) 

Auto Flag (CR20) When set, Flags (without INTRQs) will 
be continuously transmitted in between frames, when other- 
wise the transmitter would be in idle state. 

Self-Test Mode (CR21) When set, the Transmitter Data 
Output is internally connected to the Receiver Data input 
circuitry. The. modem control output signals are deactivated 
(off state). The modem control input signals are internally 
activated. This mode allows off-line diagnostic. 

SDLC Loop Mode (CR22) When set, the VL1935 is 
conditioned to operate in an SDLC Loop Data Link system 
(see SDLC Loop Mode). 

Receiver Character Length (CR24, 23) These bits in- 
dicate to the receiver how many bits per character there are 
to assemble for the I-field. The I-field characters may be 5, 
6, 7 or 8 bits long. The unused bits read from RHR will be 
logical 0. 


TABLE 5. RECEIVER CHARACTER LENGTH 


CR24 CR23 Bits Per 
(RCL1) (RCLO) Character 
0 0 8 
0 1 b 
1 0 6 
1 1 5 


TABLE 6. TRANSMITTER RESIDUAL COMMANDS 


Extended Address (CR25) When set, this bit indicates 
to the receiver that there is more than one address character 
in the A-field. The receiver will expect another address char- 
acter if the LSB in the current address character is a logical 0. 
The purpose of this bit: If a non-8-bit field character length is 
expected, the DRQIs will get out of synchronization if the 
VL1935 does not know exactly when the I-field will start. Not 
used in transmit mode. 

Address Compare (CR26) When set, the first address 
character will be inspected in the Address Comparator. If 
there is a match with the AR register, or if the address com- 
pared is a Global Address (eight 1’s) the frame is considered 
valid, causing DRQIs to be generated. Otherwise, the re- 
ceiver does not react, and will continue comparing for a new 
valid address. If not set, all frames are considered valid. 


Extended Control (CR27) When set, indicates that 
there are two control characters per name. If not set, there is 
only one control character per frame. The purpose of this bit: 
If a non-8-bit I-field character length is to be received, the 
DRAIs will get out of synchronization if the VL1935 does not 
know when the I-field wili start. Not used in transmit mode. 


CONTROL REGISTER (CR3) 

Transmit Residual Character Length (CR32, 31, 30) 
(Table 6) These bits inform the transmitter what bit-length the 
residual character will be. If no residual character is to be 
sent, these bits must be set to logical 0. (See Transmitter 
Commands). 

Unused (CR33-37) These bits are not used, and are 
always a logical 0. 


INTERRUPT REGISTER (IR) 

This register contains the information why an interrupt 
INTRQ was generated. An IR register read operation, will 
reset bits 0, and 3-7. The Transmitter clock must be active to 
generate an interrupt. 


Loading the THR register, will reset DRQO (bit 1). Reading 
the RHR register, will reset DRQI (bit 2). A new interrupt will 
occur if one is pending. 


CR32 CR31 CR30 

(TRES 2) (TRES 1) (TRES 0) Residual Char. Length 
0 0 0 No residual char. sent 
0 0 1 1 bit © 
0 1 0 2 bits 
0 1 1 3 bits 
1 0 0 4 bits 
1 0 1 5 bits 
1 1 0 6 bits 
1 1 1 7 bits 


6-21 


Wis vi1935 


TABLE 7. DATA SET CHANGE PROGRAMMING 


Rising and falling 
Falling 
Rising 

None 


If a new interrupt is generated while the CPU is reading | 


the IR register, this new interrupt will set the respective bit 
in the IR register one bit time later (this to avoid losing any 


interrupt). The status of bits 3-7 will accumulate until the IR 


register is read by CPU. 


INTRQ (IRO) When set, indicates an interrupt and that 
there are one or more bits set in positions 3 through 7 of this 
register. This bit is a mirror image of INTRQ signal (pin 6). 

When pin 6 (INTRQ) is not used for pending interrupts 
information and only the IR register is read to obtain the 
status of the interrupt bits (polling method), a minimum of 
two (2) bits times must be allowed between IR registers 
“read’s” to insure an orderly flow of pending interrupts. 


DRQO (IR1) When set, indicates a Data request output. 
This bit is a mirror image of DRQO signal (pin 18). 


DRQI (IR2) When set, indicates a Data Request input. 


This bit is a mirror image of DRQI signal (pin 19). 

Data Set Change (IR3) When set, indicates a change of 
State of the Data Set (Data Communication Equipment). This 
is a change of state of DSR, CD or RI. The type of change of 
CD and RI that at this bit will react to, is programmed by use of 
input signals CD1/CDO0 and RI1/RIO (Table 7). 


XMIT Operation Complete with Underrun § Error 
(IR4) When set, indicates that the transmitter command 
has been completed and there was an Underrun error. An 
Underrun error occurs when the Data Request Output 
(DRQO) is set, but THR register is not loaded in time. 

XMIT Operation with No Error (IR5) When set, indi- 
cates that the transmitter command has been completed and 
there was no error. 


Received End of Message With Errors (IR6) When set, 
indicates that a Received End of Message is detected, and 


there was an error. Errors include CRC, Overrun, Invalid . 


Frame and Aborted Frame. 

The SR Register bits 0-2 will indicate the exact type of 
error. 

Received End of Message With No Error (IR7) When 
set, indicates that a Received End of Message is detected, 
and there was no error. The IR7 bit is the inverse of the 
REOM output signal. 


STATUS REGISTER (SR) 

This register contains the status of the receiver and some 
modem control signals. It also indicates (if REOM w/Errors) 
exactly what type of errors. If the Receiver Character Length 
is 8 bits, this register indicates the amount of Residual bits 
that was received. A read operation will reset bits 0-2. 


Received Error/Received Residual Character Length 
(SR 2-0) If REOM w/NO ERROR (IR7) is set, these bits (SR 2- 
0), indicate the number of residual bits received (Table 8). 


Interrupting edge of Rl 


Rising and falling 
Falling 
Rising 
None 


If REOM WITH ERROR (IR 6) is set, these bits indicate the 
type of error that occurred (Table 9). 


TABLE 8. 
Ss Ss S$ 
CHAR. RES. R R R 
LENGTH BITS 0 1 2 
8 0 0 0 0 
Bits/Char. 1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 Oo 1 
6 1 1. O 
7 1 1 1 
7 0 0 1 0 
Bits/Char. 1 0 1 1 
2 1 0 0 
=. 1 0 1 
4 1 1 0 
5 1 1 1 
6 0 0 1 
6 0 1 0 0 
‘Bits/Char. 1 1 0 1 
2 1 1 0 
3 0 0 1 
4 0 1 0 
5 0 1 1 
5 0 0 0 1 
Bits/Char. 1 0 1 0 
2 0 1 1 
3 1 0 0 
4 1 0 1 

TABLE 9. 


Bit Set 


CRC 


SR1 Overrun 
SR2 . Aborted or 
Invalid frame 


Receiver Idie (SR 3) When set, indicates that the re- 
ceiver is currently IDLE. 

Miscellaneous Input (SR4) This is a mirror image of 
MISC IN signal. When this signal is set, SR4 bit is set. _ 

Data Set Ready (SR5) This is mirror image of DSR sig- 
nal. When this signal is set, SR5 bit is set. 

Carrier Detect (SR6) Thisis a mirror image of CD signal. 
When this signal is set, SR6 bit is set. 
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Ring Indicator (SR7) This is the inverse of the RI signal. 
When SR7 bit is set, a ringing signal has been received on 
the communication channel. 

‘TRANSMITTER OPERATION 

Prior to this operation, the programmable inputs and the 
transmit mode related register bits need to be programmed 
according to the user’s specific data communications envi- 
ronment. The last bit to be set is always the ACT TRAN 
(CR16) bit. 


Before this, the INTRQ has to be cleared, which can be 
done by reading the IR register. For more detaiied information 
how to program the VL1935 see Programming. 

As an example of how to program the VL1935 let’s 
assume a 24-bit information is to be transmitted. The |-field 
would then consist of three 8-bit characters with no residual 
bits. CR3 should then be 00 (Hex). 


Bits CR23-CR27 are for reception only (see Receiver 
Operation). The last register to be programmed is CR1. If 
MISC OUT is not used, this may be ignored. If a modem is 
used, DTR (CR11) is to be set. CR13 and CR12 should be 
logical O’s (8-bit char. length). CR15 and CR14 should be 
logical 0’s (Data Command). ACT TRAN (CR16) bit is to be 
set. The ACT REC (CR17) is for reception only. 


The DTR bit, when set, activates the DTR signal, indica- 
ting to the modem to prepare for communication. When the 
modem is ready, it sends back a Data Set Ready (DSR) to the 
VL1935 . This causes the DSC (IR3) bit to set, which in turn 
activates INTRQ. The IR register is now read. Simultane- 
ously, when the ACT TRAN (CR 16) bit is set, this activates the 
Request to Send (RTS) signal, instructing the modem to enter 
into transmit mode. When the modem is ready to transmit 
data, it responds by activating the Clear to Send (CTS) signal. 

The VL1935 is now conditioned to transmit. Now DRQO 
gets, set, indicating to the CPU (or DMA) to load the first char- 
acter (Address) into the THR. When this is done, DRQO will 
reset. As soon as the VL1935 is ready to be loaded with the 
next character to be transmitted, DRQO is again set. When 
the THR register is again loaded with a character, DRQO will 
again reset. 


This same sequence continues until the last I-field char- 
acter to be transmitted is loaded into the THR. If CRC check- 
ing is to be used, the next time when DRQO is set, an FCS 
command has to be programmed. This is accomplished bv 
either setting CR15, 14 to both logical 1’s or by activating the 
EOB signal. 

At the end of the FCS being transmitted, INTRQ will set 
indicating XMIT Operation Complete. The IR register is to be 
read to find out whether the frame was sent with or without 
error. Also the FCS Command which was used as described 
above has to be changed. If CR15, 14 were set, these have 
to be reset (to Data Commana), or if EOB was activated, this 
signal has to be deactivated. At this same time, the ACT 
TRAN bit is allowed to be reset, causing the TD output to go 
idle after the end Flag is sent. If the ACT TRAN bit is kept 
set, continuous Flags will be sent following the FCS. 

If a new frame is to be sent right after this first frame, only 
one Flag is needed in between frames, meaning the frames 
have one common Flag character. In this case, the second 
frame Address character may be loaded at the same time 
the FCS command is programmed during the first frame. 
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Also, the ACT TRAN bit should be kept set in between 
frames. Every time DRQO gets set, the user must load the 
THR register before the last loaded character only has 1.5 
bits left to be transmitted. In other words, when DRQO gets 
set, the user may wait (if 8-bit characters) up to 7.5 serial 
daia bits before loading the THR. If THR is not loaded within 
this time, an Underrun error will occur. 

If Auto Flag is not selected (CR20 = logical 0) the sequence 
will be a little different than described below. When the first 
DRQO is set, and after the Address character is loaded into 
THR. a Flaq command is also programmed (CR15, 14 = 10). 

This will set an interrupt (INTRQ), which indicates that the 
IR register must be read. Now, the Data Command is Rap ro; 
grammed (CR15, 14 =00). 

For more information, see Transmission Timing diagram. 


ABORT CONDITIONS 

The function of prematurely terminating a data link is 
called an “Abort.” The transmitting station aborts by send- 
ing eight consecutive 1’s. Unintentional Abort caused by 
1’s in the A-C- or |-field is prevented by zero insertion. Inten- 
tional Abort may be sent by programming an Abort com-_ 
mand. Abort will also be sent in the case where THR is not 
loaded in time or FCS command is not programmed in time 
(=underrun). This means that after the DRQO is set, to 
avoid Abort; THR must be loaded, EOB activated or FCS 
command programmed before there is only 1.5 bits left of 
the last character to be transmitted. 

If this is not done, INTRQ (XMIT OPCOM w/underrun) is 
set and Aborts are transmitted until, either the command is 
changed or the THR is loaded. If in this same case, Auto 
Flag was programmed, one Abort (with INTRQ) would be 
generated, and thereafter continuous Flags (with no INTRQs) 
will be sent. 


RECEIVER OPERATION 

Prior to this operation, the programmable inputs and the 
receive mode related register bits have to be programmed 
according to the user's specific data communication environ- 
ment. Also, the INTRQ has to be cleared. The last bit to be 
set is always the ACT REC (CR17) bit. 


For more detailed information how to program the VL1935 
see Programming. As an example, let’s assume a 26-bit infor- 


_ mation is to be received, and the I-field is made up by 8-bit 


characters. The CR3 register is only for transmit mode, and 
may be ignored here. CR20 and CR 12-16 bits are also for 
transmit mode only, and therefore may also be ignored. CR21 
and CR22 are to be logical Os (no Self-Test and no SDLC 
Loop Mode). CR24, 23 are to be logical 0’s (8-bit character |- 
field). If only one A-field and one C-field character is 
expected, and this VL1935 has a specific address, CR25 
should be a logical 0, CR26 should be a 1, and CR27 should 
be a 0. The address to which the A-field should compare 
should be loaded into the AR register. 

The status of the modem is monitored by the SR register, 
and it may be useful to read it at this time. CR1 is loaded as 
the last register. CR10 (Misc In) bit is optionable to the user. 
CR11 (DTR) is to be set if modem is used. CR17 (ACT REC) 
is now set, starting the input of frame characters into the 
Receiver Register (RR). When a Flag is detected, the next 
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8-bit character (address-character), when received, is com- 
pared to the character in the AR register. If these match, or 
if the received character is a Global address, this frame is 
valid, and the DRQI gets set. If the Address Comparator 
(CR26) bit. is not set, all frames would be considered valid 
and generate DRQIs. When the RHR register is read, DRQI 
will be reset. All characters in a valid frame which are input 
into the RR register will set DRQI, and every time RHR is 
read by the CPU, DRQI will be reset. 

During reception, the receiver also performs a CRC cal- 
culation on the incoming data. When the end Flag is re- 
ceived, INTRQ will get set, indicating Received End of 
Message. If the reception is completed with no error, IR7 
(REOM wino Error) bit will be set. When 8-bit characters are 
received SR 0-2 bits indicate the number of residual bits, in 
this case two. If IR6 (REOM w/Error) was set, SR 0-2 bits 
indicate the type of errors (see Receiver Error Indication). . 


When all characters including the A-field and the FCS- 


field are read, and when the REOM interrupt is recognized, 
it is up to the user to disassemble these mentioned charac- 
ters from the received data. If non-8-bit characters are re- 
ceived, the amount of residual bits have to be calculated by 
the CPU after masking out the part of the ending Flag 
showing up in the last read character. 

After end of frame, the receiver begins searching for a 
new frame. : 


(For more information, see Figure 8.) 


RECEIVER ERROR INDICATION 
When a frame is received, and REOM w/Error (IR6) is set, 
the type of error is indicated by the SR bits 0-2. 


CRC Error (SRO) If the CRC calculation performed on 
the incoming data.does not equal to FOB8 (HEX), this bit will 
be set. | 

Overrun Error (SR1) After DRQI is set, if the RHR is not 
read within one character minus one bit time, this bit will be 
set. 

Aborted or Invalid Frame Error (SR2) If the frame is 
aborted or if in a frame the number of bits between flags are 
less than the required minimum (see Table 10), this bit will be. 
set. , 


NOTES sf | 

1. TC-command—If two or more contiguous ABORTS or 
FLAGS are executed, the ACT TRAN (CR16) bit has to be 
reset before DATA-command can be executed. 


. Master Reset (MR)—Needs no clock during activation of 
MR. However, 2.5 clock cycles are required to reset the 
VL1935 after the falling edge of MR. 


. IR-register—Immediately when IR register is read, bit 0 
will reset. Bits 3-7 are reset one bit time later. 


. SR-register—Bits 0-2 are reset one bit time after SR reg- 
ister is read. 


SDLC Loop mode—Go-ahead pattern may be sent by 
either sending IDLE or ABORT after Flag. 


6. TC and RC clocks are completely independent of each 
other. ; 


5. 


. It is recommended to verify that the INTRQ signal (pin 6) 
is set prior to reading the IR register. 

. End Of Block (EOB) — Minimum activated time must be 
one (1) character time. It can be activated indefinitely 
using IDDLE or AUTO FLAG (CR20). _ 


TABLE 10. 
| Valid Frame For VL1935__ 
Receiver Programmed for 5 bit char 
1 address, 1control _ 225 bits 223 bits 221 bits >19 bits 
2 addresses, 1 control 225 bits 224 bits 223 bits 222 bits 
1 address, 2 controls | 
3 addresses, 1 control 225 bits 225 bits | 225 bits 


2 addresses, 2 controls 


>25 bits 
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FIGURE 7. VL1935 TRANSMISSION TIMING DIAGRAM 
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NOTE 1. CR3 = 00H, CR2 = O1H, CR1 = 02H (FOR THIS EXAMPLE ONLY) 
NOTE 2. WRITE FCS COMMAND, OR ACTIVATE EOB. 
NOTE 3. INF. DATA MAY CONSIST OF ANY NUMBER OF BITS. 


FIGURE 8. VL1935 RECEPTION TIMING DIAGRAM 
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NOTE 1. AR = 19H, CR2 = 40H, CR1 = 02H (FOR THIS EXAMPLE ONLY) 
NOTE 2. INF. DATA (I-FIELD) MAY CONSIST OF ANY AMOUNT OF BITS. 
NOTE 3. CPU DOES NOT KNOW UNTIL RECEIVED END OF MESSAGE (REOM) THAT THIS IS AN FCS CHARACTER. 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Storage Temperature —55°C to +125°C (plastic package) 
Storage Temperature —65°C to +150°C (ceramic package) 
Voltage on any pin -0.3 to +7.0 V 

with respect to GND (Vss) 
Power Dissipation 1W 


DC Characteristics 
Ta = 0°C to +70° Vss =0V, Voc = +5 + 0.25 V 


TABLE 11. VL1935 DC CHARACTERISTICS 


Conditions © 


input Leakage VIN = Voc 
ILO Output Leakage VouT = Vcc or Vss 
VIH Input High Voltage 
VIL input Low Voltage All Inputs 
VOH | Output High Voltage lo = —100uA 
Output Low Voltage 190 = 1.6mA 


| Supply Current 


AC Characteristics 
Ta = 0°C to +70° ‘Vss =0V, Voc =+5+0.25 V- 


TABLE 12. VL1935 AC CHARACTERISTICS 


READ & WRITE (Fig. 9, 10) 
TAS Address Set-Up 
TAH Address Hold 
Tcss | Chip Select Set-up 
TCSH | Chip Select Hold 


READ (Fig. 9) 


TRED _ | Data Delay from RE Asserted 240 
Tpv __ | Date Valid from RE Deasserted| | 140 
TprRaiR | DRQI Reset Delay 280 
TINTRQR INTRQ Reset Delay 280 
TRE RE Pulse width 
_| WRITE (Fig. 10) 
Tps Data Set-up 
TDH- Data Hold 
TDRQOR DRQO Reset Delay 330 
TWE WE Pulse width 
TRANSMIT & RECEIVE (Fig.11) 
TRDS Receive Data Set Up 
TRDH Receive Data Hold 
TTDO Transmit Data Out Delay 125 
CLOCK 
1xFe 1X Clock 2.0 | MHz jat 50% duty 
cycie 
32xFe | 32K Clock 2.5 |MHz jat 50% duty 
cycle 
RISE & FALL (Fig. 12) 
TR Rise Time 20 See figure 1 
TF Fall Time 20 


NOTE: All A.C. Timing Measurements made at 0.8 V and 2.0 V. 
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FIGURE 9. VL1935 READ TIMING DIAGRAM 


HIGH IMP. STATE 


(NOTE 1) 
TREO 


(NOTE 1) 
—t— Toy 


_ qe TINTROR 


INTRQ 


NOTE 1. TREpD and Tpy starts from where both 
CS and RE are active. 


FIGURE 11. RECEIVER AND TRANSMITTER TIMING 
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‘AO, Al, A2 


FIGURE 12. 


Tr 


VL1935 RISE AND FALL TIMING DIAGRAM 


TF 
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FIGURE 13. VL1935 TRANSMITTER FLOW CHART. 
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E21 + TRITO 


GO AHEAD DETECT 


1 TD = IDLE CHARACTERS 
2. DISABLE ZERO INSERT 
3 SET BIT COUNTER FOR 
EIGHT BIT CHARACTERS 


RESET DROO 


ACT TRAN & CTS 


Cc 


B €Z1 — ENABLE ZERO INSERT 


TRAN (CR16 = 1) NOT SET DURING FLAG, ABORT OR IDLE 
AND CLEAR : ; 
NO. SENDON C SBC — SET BIT COUNTER — COUNTS 8 BITS 
¢ PER CHAR FOR FLAG. GA. 2 FCS 
0. BIT COUNTER DEFAULTS TO 
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SEND RESIDUAL 
STATE 3 STATE 1 BITS 
COMMAND DECODE COMMAND DECODE RESIDUAL 
BITS 
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INSERT ENABLEQ OAS TR 
pRQO = 1 INSERT SEND FLAG 
RESET — TATTC DATA BYTE XMIT OP COM 
GO TO STATE 1 ABORT WAS NOT LOADED 
‘DISABLE ZERO INSERT . (INTRQ) 
SET INTRO UNDERRUN N TCL. -TCL2 = # BITS 
(CR13) (CR12)  PERCHAR 7 
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ENABLE ZERO INSERT 
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START ACCUMULATION 
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FIGURE 14. VL1935 RECEIVER FLOW CHART 
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HAVE FOUND THE OPENING FLAG AND SYNC 
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N SET BIT 


3 OF STATUS REG. 


RECEIVED 
ABORT 


RECEIVE BIT COUNTER — MOOULO 8 COUNTER 
USED TO PROGRAM THE NUMBER OF 

BITS PER CHARACTER & CALCULATE THE 
NUMBER OF RESIDUAL BITS. 


PRESET FCS (START) 
RESET RECEIVE BIT COUNTER (COUNT 8) 
RESET ADDRESS RECEIVED COMPLETE 

RESET # OF CONTROL BYTES 


(START FRAME) 


(STATE 1) 


NOTE: iN STATE 1 WE ARE IN SYNC 
WITH THE INCOMING DATA AND WE 
INCREMENT BY CHARACTER UNTIL THE 


SET- (SR2) ABORTED 


HAVE FRAME ENDS OR IS ABORTED. 
(INTRQ) OR INVALID FRAME Y ‘NE PROCESSED 
SET: INTRQ & FIRST DATA 
REOM WieaR 


SET INVALID 
FRAME (SR2) 


(RECEIVE BIT COUNTER 
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CHARACTER 
ASSEMBLED 


SET FCS ERROR 
(SRO) 
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HAVE ADDR RECEIVED 
& PROCESSED COMPARE : ADDR = 
1ST DATA (CR26) ON CONTENTS OF 
DECODE & SET BYTE AR REG 
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RECEIVER 
ACTIVATED 
(CR 17=1) 


SET ADDRESS 
RECEIVED 


(| — FRAME) COMPLETE 


(CR24) (CR23) BITS PER 
RCL1 RCLO CHAR 


PRESET BIT COUNT 
TO RCL1, 


RCL2 8 
| — FIELD CHAR ? 
LENGTH c 


RR = RECEIVE REGISTER 
RHA = RECEIVE HOLDING REGISTER 


HAS TH (DRQK) 
LAST CONTRO 


BYTE BEEN 


(CONTROL) 


INCREMENT 
BYTECOUNT 


SET LAST 
YONTROL BYTE 
RECEIVED 


RESET RECEIVE 
BIT COUNTER 
TO COUNT 8 

BITS PER CHAR 


ADDRESS 
RECEIVED 
COMPLETE 
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VL2661 


ENHANCED PROGRAMMABLE COMMUNICATIONS INTERFACE 


FEATURES 


SYNCHRONOUS OPERATION 
e 5- to 8-bit characters plus parity 


e Internal or external character 
synchronization 


e Odd, even or no parity 


Local or remote maintenance !oop 
back mode 


e Baud rate: DC to 1 Mbps (1x clock) 


ASYNCHRONOUS OPERATION 
e 5- to 8-bit characters plus parity 


e 1-, 1 1/2- or 2-stop bits transmitted 


PIN DIAGRAM 


VL2661 
p2(]1 D1 
D3 (] 2 po 
RxD (] 3 vec 
GND RxC/BKDET 
patjs DTR 
D5 (16 RTS 
Dé (7 OSR 
o7 (18 RESET 
TxC/sync (] 9 BRCLK 
A1 (] 10 TxD 
CE (] 11 TxEMT/DSCHG 
Ao (] 12 cTs 
Rw (1) 13 DCD 
RxRDY [7] 14 15 [] TxRDY 


e Parity, overrun and framing error 
detection 


e Line break detection and generation 


e Local or remote maintenance loop 
back mode 


e Baud rate: DC to 1 M bps (1x clock) 
—DC to 15.625 K bps (64x clock) 


OTHER FEATURES 
e 16 internal rates for each set 


e Double-buffered transmitter and 
receiver 


e Dynamic character length switching 


BLOCK DIAGRAM 


DATA BUS DATA BUS 
00-D7 en, BUFFER 


OPERATION 
CONTROL 


REGISTER 1 
REGISTER 2 


COMMAND 
REGISTER 
STATUS 
REGISTER 


TIMING 
BAUD-RATE 


CONTROL 


DSR G 
pcb ——-a 
cfs O MODEM 
ATS 0 CONTROL 
OTR ° 

TxEMT’ 0 

DSCHG 


ORDER INFORMATION 


VL2661-01PC 
VL2661-01CC 
VL2661-01QC 


19.2 K 


VL2661-02PC 
VL2661-02CC 
VL2661-02QC 


VL2661-03PC 
VL2661-03CC 
VL2661-03QC 


Note: 
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‘GENERATOR 
AND CLOCK 


Part Maximum Clock 
Number Baud Rate Frequency 


4.9152 MHz 
38.4 K 
a 


Operating temperature range: 0°C to + 70°C. 


DESCRIPTION 

The VL2661 Enhanced Programma- 
ble Communications Interface (EPCI) 
is a programmable microprocessor 
peripheral which provides a bidirec- 
tional interface for data interchange. It 
contains interface logic for simulta- 
neously transmitting and receiving 
standard synchronous communica: 
tions, and provides the data format- 
ting and control to interface serial 
asynchronous communication with: 
bus-organized systems. 


SYN/DLE 
CONTROL 


REGISTER 


1 
SYN 2 
REGISTER 
DLE 
REGISTER 


TRANSMITTER 
TRANSMIT 
DATA 


TxRDY 
HOLDING 
REGISTER 


TRANSMIT 


TxD 
SHIFT 
REGISTER 


RECEIVER 


RECEIVE- 
DATA 
HOLDING 
REGISTER 
RECEIVE 
SHIFT 
REGISTER 


Package 


Plastic DIP 
Ceramic DIP 
Plastic Leaded 
Chip Carrier (PLCC) 


Plastic DIP 

Ceramic DIP 

Plastic Leaded | 
Chip Carrier (PLCC) 

Plastic DIP 

Ceramic DIP 

Plastic Leaded 
Chip Carrier (PLCC) 


PIN DESCRIPTIONS 


Pin 
Pin Number 
CPU Interface . 
RESET 21 
AO,A1 10,12 © 
R/wW 13 
CE 11 
DO-D7 27,28, 

1,2,5-8 | 
TxRDY 15 | 
RxRDY 14 
TxEMT/  — 18 
DSCHG | 


Vil vizcei 


Name 


Reset 


Address" 


Lines 


Read/Write 


Chip 
Enable 
Data Bus 


Transmitter 


Receiver 
Ready 


Transmitter 
Empty/Data 
Set Change 


Transmitter/Receiver Signals 


BRLCK 20 
RXC/ 25 
BKDET 

TxC/ 9 
XSYNC 


Baud Rate 


~ Clock 


Receiver 
Clock/Break 
Detect 


| Transmitter 


Clock/ 
External 
Sync 


Description 


Input signal that, when HIGH, performs a master reset of the VL2661. This 
signal asynchronously terminates any device activity and clears the mode, 
command and status registers. The VL2661 assumes the idle state and 
remains there until initialized with appropriate control words. 


Address input lines used to select the internal registers. 


Input signal that controls the direction of data transfers between the EPCI and 
the CPU. When CE and R/W are both LOW, the contents of the selected 
registers are transferred to the data bus. With CE LOW and R/W HIGH, a 
write to the select register is performed. | 


Input signal that, when LOW, Allows access to the selected register. When 
HIGH the DO-D7 lines are placed in the HIGH-impedance state. 


Bidirectional 8-bit, 3-state, positive-true data bus used to transfer commands, 
data and status between the EPCI and the CPU. 


Output signal that is the complement of the Status Register (SR) bit SRO. 


‘When LOW, this signal indicates that the transmit data holding register (TxHR) 


is ready to accept a data character from the CPU. It goes HIGH when the 
data character is loaded. This output is valid only when the transmitter is 
enabled. It is an open-drain output that can be wire-ORed to the CPU 
interrupt. 


Output signal is the complement of Status Register (SR) bit. When LOW, this 
signal indicates that the receive data holding register (RXHR) has a character 
ready for input to the CPU. It goes HIGH when the RxHR is read by the CPU 


~and also when the receiver is disabled. !t is an open-drain output which can 


be wire-ORed to the CPU interrupt line. 


Output signal that is the complement of the Status Register (SR) bit. When 
LOW, this signal indicates that the transmitter has completed serialization of 
the last character loaded by the CPU, or that a change of state of the DSR or 
DCD inputs has occurred. This signal goes HIGH when the status register is 
read by the CPU if the TxEMT condition does not exist. Otherwise, the TxHR 
must be loaded by the CPU for this line to go to HIGH. It is an open-drain 
output that can be wire OR-ed to the CPU interrupt line. 


Clock input to the internal baud rate generator. This is not required when 
external receiver and transmitter clocks are used. _ 


Bidirectional line that either controls character receive rate or provides a 
timing output. When the EPCI is programmed for external receiver clock, this 
pin acts as an input to control the rate at which characters are received. The 
frequency is programmed in Mode Register 1 and may be 1x, 16x or 64x the 
baud rate. Data is sampled on the rising edge. If internal receiver clock is 
programmed, this signal provides an output, either a 1x/16x clock or break 
detect signal, determined by programming Mode Register 2. 


Bidirectional line that controls the character transmit rate and provides a timing 
output. When the EPCI is programmed for external transmitter clock, this signal 
acts as an input and controls the rate at which the characters are transmitted. 
The frequency is programmed in Mode Register 1 and be may 1x, 16x or 64x the 
baud rate. Data changes on the falling edge of this clock. If the EPCl is 
programmed for internal transmitter clock, this signal can be either an output 
providing a 1x/16x clock or an input for external synchronization determined by 
Mode Register 2 programming. 
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PIN DESCRIPTIONS (Cont.) 


Pin 
Pin 


Transmitter/Receiver Signals (Cont.) 


RxD 3 
TxD 19 
DSR 22 
DCD 16 
CTS 17 
DTR 24 
RTS 23 
Power Supply 
VCC 26 
GND 4 


Number 


Name 


Receive 
Data 


Transmit 
Data 
Data Set 
Ready 


Data 
Carrier 
Dectect 


Clear to 
Send 


Data 
Terminal 
Ready 


Request to 


Send 


Supply 
Ground 


Description 


Serial data input to the receiver. 


Serial data output from the transmitter. When the transmitter is disabled, the 
output is in the HIGH, or “Mark”, state. 


Input signal that can be used to indicate Data Set Ready or Ring Indicator to the 
EPCI. Its complement appears in the Status Register as bit 7. A change of state 
on DSR causes TxEMT/DSCHG to go. LOW if either Command Register (CR) bit 
Oor2isaone. 


Input signal that must be LOW for the receiver to operate. If DCD goes HIGH 
while receiving, the RxC signal is internally inhibitied. The complement of DCD 
appears in the Status Register (SR) as bit 6. A change of state in DCD causes 
TxEMT/DSCHG to go LOW if either Command Register (CR) bit 0 or 2 is a one. 


Input signal that must be LOW fpr transmitter to operate. If CTS goes HIGH while 
transmitting, the character currently in the transmit shift register is transmitted 
before termination. The TxD output will then go HIGH. 


Output signal that is the complement of Command Register (CR) bit 1. This 
signal is normally used to indicate that the data terminal is ready to transmit or 
receive data. 


Output signal that is the complement of Command Register (CR) bit 5. If the 
transmit shift register is not empty when bit 5 is reset, RTS will not go HIGH until 
one TxC period after the last serial bit is transmitted. 


5 V Supply 
Supply and Signal Ground 


TABLE 1: BAUD RATE GENERATOR CHARACTERISTICS 
VL2661-01 (BRCLK = 4.9152 MHz) 


MR 2 


3 {2 {71/01 


0 
0 
O 
O 
1 
1 
1 
1 
O 
O 
O 
0 
1 
1 
1 
1 


==00--00--00-=-00 


Actual Frequency 


Baud Rate 16X Clock (KHz) 
50 0.8 6144 
75 1.2 4096 
110 1.7598 2793 
134.5 2.152 2284 
150 2.4 2048 
200 3.2 1536 
300 4.8 1024 
600 9.6 512 
1050 16.8329 292 
1200 19.2 256 
1800 28.7438 171 
2000 31.9168 154 
2400 38.4 128 
4800 76.8 64 
9600 153.6 : 32 
19200 307.2 16 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage -0.3V Stresses above those listed under 
+7.0V “Absolute Maximum Ratings” may 

Input/Output ~0.3y cause permanent damage to the 

Voltage +70V device. These are stress ratings only. 
: : Functional operation of this device at 

Operating = Top O°C to 70°C these or any other conditions above 

Temperature 

Storage TSTG ~—55°C + 150°C 

Temperature 


DC CHARACTERISTICS 1a = 0°C to 70°C, VCC = 5.0 V + 5%, unless otherwise noted. 


those indicated in the operational sec- 
tions of this specification is not implied 


~ and exposure to absolute maximum 


conditions for extended periods may — 
affect device reliability. 


Symbol Characteristic | Min Typ | Max Unit 
vie a 
HN. Input Leakage Current — : — nA 
ITSI | _ Input Leakage Current for HIGH-Impedance State . pA 
VOH ~~ Output HIGH Voltage, LOAD — 400 pA | a a V 
VOL Output LOW Voltage, ILOAD : 2.2mA i: i 2 ee ee ae V 
Ci Input Capacitance, fe = 1 MHz ; fF pF 
PD Power Dissipation, VCC - 5.25 V aay aa 650 mW 


RECEIVER/TRANSMITTER TIMING CHARACTERISTICS 1a = °c to 70°C, vec = 5.0 V + 5%, unless otherwise noted. 


Symbol Characteristic | Min | Typ | Max | 7 Unit 
tR/TH TxC or RxC HIGH 7, are ns 
{R/T TxC or RxC Frequency MHz 
tBRH BRCLK HIGH 70 25 — ns 
{BRL BRCLK LOW 7 70 lh aaa ns 
fBRG BRCLK Frequency, Note 1 | MHz 
tRXxH RxD Hold | 350 ns 
tTxD TxD Delay from TxC, CL = 150 pF. Pe eae all 650 ns 
tTCS Skew TxD vs TxC, CL = 150 pF : | ——— | ns 
READ/WRITE TIMING CHARACTERISTICS 1a = 0°c to 70°C, VCC = 5.0 V + 5%, unless otherwise noted. 
Symbol Characteristic | Min =| Typ Ss [| Max Unit 
tCE CE Pulse Width 250 ee a ns 
tCED _ CE to CE Delay 600 [ ns 
tSET _ Address and R/W Setup he a a eee — 
tHLD Address and R/W Hold ee WOO te me eee ns 
tDS Write Data Setup 150 aaa eae ns 
tDD Read Data Delay, CL = 150 pF nr eae ee ae ns 
Note: 


1. fBRG = 4.9152 MHz for VL2661-1 and -2;fBRG = 5.0688 MHz for VL2661-3 
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AC TEST CIRCUITS 
OPEN-COLLECTOR TEST LOAD TEST LOAD (ALL OTHER PINS) 


5V 
5V 


3kQ) 2.4 kQ 


PIN 
PIN 


> 100 pF cpFrt 
il | 28 Kio 


C = 130 pF MAX. FOR DBO- 
D87 
C = 30 pF MAX. FOR ALL 
OTHER OUTPUTS = 


TIMING DIAGRAMS 


CLOCK TIMING RECEIVE TIMING 


tR/TH —}> tR/TL 


RxD 
TxC/RxC 


RxC (1X) 


BRCLK 


TRANSMIT TIMING | CPU INTERFACE 


tCED 
+ -- ——-1, 16 OR 64 CLOCKS-—_________» tCE 
Txc CE 
(INPUT) 
——>| tTxD 
TxD 
Txc DO-D7 esetececetet seetetetets seeeetatetetatetetatetatetetatetetetatetnt 
OUTPUT) WRITE seteteteters ee heletetarototenetetononetetetenstacatenen 
O04 . erarerererererereererelereleleee, 
( neeeeteeaee Seen Srelecoretececetetereteceretezecererecece 
tDS 
<«—tDH 
sig ISIS) 
©,0,0.0,0,0.0.0.0.4 
tDF 
tDD —> 
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TABLE 1: BAUD RATE GENERATOR CHARACTERISTICS (Cont.) 


VL2661-02 (BRCLK = 
MR 2 


4.9152 MHz) 


Actual Frequency 
3 Eaaecs Baud Rate 16X Clock (KHz) Percent Error Divisor 


=~ wee SH =|] - OVWOCDOOOCO 


0 
0 
1 
1 
O 
O 
1 
1 
0 
0 
1 
1 
O 
O 
1 
1 


VL2661-03 (BRCLK Z 


B= sss sa OOCOOCOO]YW - 


—-=-00—--00-=00=-=-00 


5.0688 MHz) 


Note: 16X CLK is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and BRG can be used only for TxC. 


FUNCTIONAL DESCRIPTION 
The internal organization of the 
VL2661 EPCI consists of six major 
functional blocks (See Block Diagram): 
transmitter; receiver;:clock control; 
modem control; and SYN/DLE control. 
These blocks communicate internally 
over common data and control buses. 
The data bus is also linked to the CPU 
via a bidirectional 3-state interface. 


TRANSMITTER 

The transmitter receives parallel data 
from the CPU and converts it to a serial 
bit stream, inserting start, stop and par- 
ity bits as selected by the user. It out- 
puts a composite serial data stream. 


RECEIVER 

The receiver accepts serial data from 
the sending device and converts it to a 
parallel format, checking for appropri- 
ate start, stop and parity bits and con- 


trol characters, as selected by the user. 


It sends the assembled character to 


the CPU. 
_ TIMING CONTROL 


The timing control block contains a 
programmable baud rate generator 
(BRG). The BRG accepts external 
transmit (TxC) or receive (RxC) clocks 
to divide an external baud rate clock 
(BRCLK) for controlling data transfers. 
The BRCLK input allows the user to 


program one of 16 commonly used 


baud rates. 


OPERATION CONTROL 

The operation control block contains 
four registers: Mode Registers 1 and 2 
(MR1,MR2); the Command Register 
(CR); and the Status Register (SR). 
These registers are used to store con- 
figurations and operation commands 
from the CPU. They generate the 
necessary internal control signals for 
proper device operation, and maintain 
status information for the CPU. 
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MODEM CONTROL 

The modem control section provides 
interfacing for three input signals and 
three output signals that are used for 
“handshaking” and status indication 

between the CPU and a modem. 


SYN/DLE CONTROL 

This section contains control circuitry 
and three 8-bit registers storing the 
SYNZ, and DLE characier provided 
by the CPU. Each register is used in 
the synchronous operation mode to 
provide the characters required for 
synchronization, idle fill and data 
transparency. 


OPERATION 

The EPCIl’s operation is determined by 
programming the mode and command 
registers. Baud rate, asynchronous or 
synchronous communication, and SYN 
characters are established before 
enabling the transmitter or receiver. 


ASYNCHRONOUS 

RECEIVER OPERATION 

After the Mode Registers are config- 
ured, the receiver is enabled when the 
receiver enable (RxEN) bit of the com- 
mand register (bit 2) is set toa one 

and DCD is LOW. With the receiver en- 
abled, the EPCI then monitors the RxD 
input, waiting for a HIGH-to-LOW tran- 
sition. When a transition is detected, 
the RxD input is again sampled one- 
half-bit-time later. If RxD is HIGH at 
that time, a search for a valid start bit is 
started again. If, however, RxD is still 
LOW a valid start bit is assumed and 
the receiver continues to sample the 
RxD input at one-bit-time intervals until 
the correct number of data bits, the 
parity bit and one stop bit have been 
assembled. The character is then 
transferred to the receive data holding 
register (RxHR), the RxRDY bit of the 
Status Register (bit 1) is set, and the 
RxRDY output goes LOW. If the char- 
acter length is less than 8 bits, the high- 
order unused bits in the holding regis- 
ter are set to zero. The parity error, 
framing error and overrun error status 
bits are strobed into the Status Regis- 
ter on the positive-going edge of RxC, 
corresponding to the received charac- 
ter boundary (Figures 1 and 2). 


If the stop bit is present, the receiver 
immediately begins its search for the 
next start bit. If the stop bit is absent 
(framing error), the receiver interprets 


itas a space bit if it persists into the 
next bit time interval. If a break condi- 
tion is detected (RxD is LOW for the 
entire character as well as the stop bit), 
only one character, consisting of all 
zeros (with the framing error status bit 
set), will be transferred to the holding 
register. The RxD input must go HIGH 
before 4 search for the next start bit 


begins (Figure 3). 


Pin 25 can be programmed as a Break 
Detect (BKDET) output by setting bits 
4 and 7 of Mode Register 2 (MR2). 
When these bits are set and a break is 
detected, the BKDET output will go 
HIGH. If RxD returns HIGH for at least 
one RxD time, BKDET returns LOW. 


SYNCHRONOUS 

RECEIVER OPERATION 

When the EPCI is programmed for syn- 
chronous operation the receiver will 
remain idle until the receiver enable bit 
(bit 2) is set. At that time, the EPCI en- 
ters the hunt mode. Data is shifted into 
the receive data shift register (RxSR) 
one bit at a time. The contents of RxSR 
are then compared to the contents of 
the SYN1 register. If the two are not 
equal, the next bit is shifted in and the 


comparison is repeated. When the 


two registers match, the hunt mode is 
terminated and character assembly 
mode begins. 


If the single-SYN operation is pro- 
grammed, the SYN DETECT bit of the 
Status Register (bit 5) is set. If double- 
SYN operation is programmed, the first 
character assembled after SYN1 must 
be SYN2 in order for the SYN DETECT 
bit to be set. Otherwise, the EPC] 
returns to the hunt mode. (Note that 
the sequence SYN1-SYN2 does not 
achieve synchronization). 


When synchronization has been 
achieved, the EPCI continues to as- 
semble characters and transfer them to 
the holding register, setting the Status 
Register RxRDY bit and asserting the 
RxRDY each time a character is trans- 
ferred. The parity error (PE) and over- 
run error (OE) status register bits are 
set as appropriate. Further receipt of 
the appropriate SYN sequence sets 
the SYN DETECT Status Register bit. 
If the SYN stripping mode is set, SYN 
characters are not transferred to the 


‘holding register. (Note that the SYN 


characters used to establish initial 
synchronization are not transferred 
to the holding register in any case.) 


By setting MR2 bit 4 and MR2 bit 7 to 
one, pin 9 (TxC/XSYNC) can be pro- 
grammed as an external jam synchro- 
nization input. When XSYNC is se- 
lected, internal SYN1, SYN1-SYN2 
and DLE-SYNi detection is disabied. 
Each positive-going signal on XSYNC 
causes the receiver to establish syn- 
chronization on the rising edge of the 
next RxC pulse. Character assembly 
starts with the RxD input at this edge. 
XSYNC must be prior to the next rising 
edge of RxC. This external synchroni- 
zation causes the SYN DETECT 
Status Register bit to be set until the 
Status Register is read. 


ASYNCHRONOUS 

TRANSMITTER OPERATION 

When the EPCl is programmed to 
transmit to the CPU, the transmitter 
remains idle until CTS is LOW and 

the transmitter enable (TxEN) bit of the 
Command Register (bit 0 is set. The 
EPCI responds by setting SR bit 0 and 
asserting the TxRDY output. When the 
CPU writes a character into the trans- 
mit data holding register (TxHR), SR bit 
Ois reset and TxRDY returns HIGH. 
The character is then transferred to the 
transmit shift register (Tx SR) when it is 
idle or has completed transmission of 
the previous character. Status Register 
bit 0 is set again and TxRDY goes LOW 
(Figure 9). 


In the asynchronous mode, the trans- 
mitter automatically sends a start bit 
followed by the programmed number 
of data bits, with the least significant 

bit being sent first. It then appends an 
optional odd or even parity bit and the 
programmed number of stop bits. If, 
following transmission of the data bits, 
a new character is not available in the 
transmit holding register, the TxD out- 
put remains in the mark (HIGH) condi- 
tion and the TXEMT/DSCHG output 
and its corresponding status bit are 
asserted. Transmission resumes when 
the CPU loads a new character into the 
holding register. The transmitter can 
be forced to ouput a continuous LOW 
(Break) condition by setting CR bit 3. 
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TIMING DIAGRAMS 
FIGURE 1: RECEIVER OPERATION TIMING DIAGRAM 


SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY 


RxC 


WRITE ENABLE READ SR | READ SR READ RxHR READ RxHR READ RxHR READ RxHR READ RxHR 


RECEIVER/SET DTR OATA1 DATA 2 DATA 3 DATA 4 DATA 4 


Y 
ore | D1 D2 03 | D4 


7 © | os 
SYN DETECT : 
SR BITS . 


ASYNCHRONOUS MODE 7-B1T CHARACTER, NO PARITY, 1 STOP BIT 


RxEN | 
MARK 
a. 
B 


TART 


cE 
WRITE ENABLE READ RxHR READ RxHR READ RxHR . READ RxHR 
; RECEIVER/SET OTR DATA 1 DATA 2 DATA3. DATA 5 
DATA 4 LOST . 
RxRDY 


OVERRUN ; 
SR BIT 4 


FIGURE 2: ASYNCHRONOUS RECEIVER OPERATION WITH LOSS OF DCD OR DISABLING RxEN 


RxC 


RxD DATAN 


DATA N+1 DATA N#2 | DATA N+3 : 


RxEN OR 
SR BIT 6 (DCD): 


cE READ | READ | READ 
DATA N DATA N+1 DATA N#2 — 
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SYNCHRONOUS TRANSMITTER 
OPERATION 

When the EPC is initially programmed 
for synchronous transmission, it re- 
mains in the idle state (RxD HIGH) until 
TXEN is set. At this point, TxD remains 
HIGH and TxRDY goes LOW. Both re- 
main in this state until the first charac- 
ter (usually a SYN character) is written 
intc the TXHR. This starts transmis- 
sion, with TxRDY going LOW each 
time a character is shifted from the 
TXxSR. If TxRDY is not serviced before 
the previous character is shifted out of 
the TxSR, the TxEMT output goes 
LOW and the EPCI automatically fills 
the pending gap with SYN1, SYN1, 
SYN2 doublets or DLE-SYN1 doublets, 
depending upon the state of MR1 bit 6 
and MR1 bit 7. Transmission is continu- 
ous until TxEN is reset to zero. 


If the send DLE bit (CR bit 3) is set, the 
DLE character is automatically trans- 
mitted prior to the transmission of any 
character stored in the TxHR. Since 
this is a one-time command, CR bit 3 
does not have to be reset. 


VL2661 EPCI PROGRAMMING 
Before data communications can 
begin, the EPCI must be programmed 
by writing to its Mode and Command | 
Registers. Additionally, if synchronous 
communication has been selected, 
the appropriate SYN1, SYN2 and DLE 
registers must be loaded. Table 2 
describes the register addressing 
requirements, and Figure 4 illustrates 
the initialization process. 


In Table 2 MR1 and MR2 appear to 
have the same address. The EPCI has 


an internal pointer that initially directs 
the first read or write to MR1. On the 
next access at that same address, the 
pointer directs the operation to MR2. 
A similar sequence occurs for the SYN 
and DLE registers; first SYN1, then 
SYN2, then DLE. If more than the re- 
quired number of accesses is made, 
the internal pointer resets to the first 
register. The pointer is also reset to 
MR1 and SYN1 by a RESET input ora 
read of the Command Register. It is, 
however, unaffected by any other read 
or write operation. 


REGISTER FORMATS 

The register formats are illustrated in 
Figures 5 through 8. The Mode Regis- 
ters (MR1 and MR2) define general 
operating characteristics and the Com- 
mand Register (CR) controls the basic 
operation defined by MR1 and MR2. 
The status register indicates the EPCI 
operating status and the condition of 
external inputs. These registers are 
cleared by a RESET input (SR bit 6 
and SR bit 7 excepted). 


MODE REGISTER 1 (MR1) 

Mode register/bits 0 and 1 select the 
communication mode and baud rate 
multiplier (Figure 5). In asynchronous 
mode the multiplier applies only if the 
external input option is selected by 
MR2 bit 4 and MR2 bit 5. 


Bits 2 and 3 of MR1 select character 
length. When selected, character 
length does not include the parity bit, 
and does not include the start and stop 
bits in asynchronous operation. 


When set, MR1 bit 4 selects parity. A 
parity bit is transmitted with each char- 
acter, and a parity check is performed 
on each character received. 


Bit 5 of MR1 selects either odd or even 
parity. In asynchronous mode, MR1 
bits 6 and 7 select the number of stop 
bits: 1, 1.5 or 2. Ifa 1x baud rate is pro- 
grammed, 1.5 stop bits defaults to 1 on 
transmit. In the synchronous mode, bit 
7 of MR1 controls the number of SYN 
characters used to establish synchro- 
nization, and the number of fill charac- 
ters to be transmitted when TxRDY 
and TxEMT are zero. Bit 6 of MR1 con- 
trols selection of the transparent mode. 
When MA 1 bit 6 is set (transparent se- 
lected), DLE-SYN1 is used for charac- 
ter filland SYN detect (SR bit 5), but 
the normal synchronization sequence 
is used to establish character sync. 
When transmitting in the synchronous 
transparent mode, a DLE character in 
TxHR causes a second DLE character 
to be transmitted. If the send DLE com- 
mand (CR bit 3) is active when a DLE 
character is inthe TxHR, only one addi- 
tional DLE is transmitted. 


The bits in the Mode Register affecting 
character assembly and disassembly 
(MR1 bit 2-MR1 bit 6) can be changed 
dynamically (during active receive/ 
transmit operation). The character 
Mode Register affects both the trans- 
mitter and receiver; therefore, in syn- 
chronous mode, changes should be 
made only in half-duplex mode (RxEN 
OR TxEN HIGH (logical one), but not 
both simultaneously). In asynchronous 


FIGURE 3: FRAMING ERROR AND BREAK DETECTION TIMING 


RxC 


SR BIT 5 
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MISSING STOP BIT 
FALSE START BIT 


FRAMING ERROR | 
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mode, character changes should be 
made when RxEN and TxEN are zero 
or when TxEN is one and the transmit- 
ter is marking in half-duplex mode 
(RxEN is zero). 


To effect assembly/disassembly of the 
next received/transmitted character, 
MR1 bits 2 through 5 must be changed 
within n bit times of the active-going 
state of RXxRDY/TxRDY. Transparent 
and non-transparent mode changes 
must occur within n-1 bit times of the 
character to be affected when the re- 
ceiver or transmitter is active. (nis the 
smaller of the new and old character 
lengths). | 


MODE REGISTER 2 (MR2) 

Mode Register 2 bits 0 through 3 select 
the internal baud rate generator (BRG) 
(Figure 6). There are sixteen select- 
able rates for each version (Table 1). 


Bits 4 through 7 of MR2 define the re- 
ceive and transmit clock source and 
the function of pins 9 (TxC/SYNC) and 
25. (RxC/BKDET). 


COMMAND REGISTER (CR) 
Command register bit 0 enables or dis- 
ables the transmitter (Figure 7). When 
TxEN is a zero, TxRDY and TxEMT are 
both HIGH, the transmitter is disabled. 
When TxEN goes active, TxRDY goes 
LOW, requesting the first character to 
be written to the TxHR, and the TxD 
output is enabled to transmit. When 
TxEN goes inactive, the EPCI com- 
pletes transmission of any character 
still in the TxSR. TxD then goes to. 

the marking state and TxRDY and 
TxEMT go HIGH. (Refer to Figure 9). 
Bit 1 of the CR controls the DTR 
output, which is a logical complement 
of CR bit 1. 


Bit 2 of the command register enables 
or disables the receiver. When RxEN is 
a zero, the receiver is in an idle mode 
with RxRDY HIGH. A zero-to-one 
transition of RxEN initiates a start bit 
search in asynchronous mode or 
initiate the hunt mode in synchronous 
transmission. A one-to-zero transition 
of RxEN immediately terminates. 
receiver operation. 


In the asynchronous mode, setting CR 
bit 3 forces the TxD output LOW (break 
condition) at the end of the current 
transmitted character. TxD remains 
LOW until CR bit 3 is cleared, at which 
time TxD goes HIGH for a minimum 


TABLE 2: VL2661 REGISTER ADDRESSING 


| Ar | Ao | Rw | 


Function 
Three-state Data Bus 
Read Receive Holding Register (RxHR) 
Write Transmit Holding Register (TxHR) 
Read Status Register (SR) 

Write SYN1/SYN2/DLE Registers 

Read Mode Registers (MR1, MR1/MR2) 
Write Mode Registers (MR1,,MR1/MR2) 
Read Command Register 

Write Command Register . 


~—- == O O00 x 


-~—- O07" O00 xX 


o0o000O0a0CcC oO = 


FIGURE 4: INITIALIZATION FLOWCHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 

LOAD . 
MODE REGISTER 2 NOTE: MODE REGISTER 1 MUST BE 


WRITTEN BEFORE 2 CAN BE WRIT- 


; TEN. MODE REGISTER 2 NEED NOT 
BE PROGRAMMED IF EXTERNAL 
SYNCHRONOUS? CLOCKS ARE USED. 
Yo. . 
LOAD NOTE: SYN1 REGISTER 
| MUST BE WRITTEN 
SYN1 REGISTER BEFORE SYN2 CAN BE 


WRITTEN, AND SYN2 
J BEFORE DLE CAN BE 
N 


DOUBLE : WRITTEN. 
“SYNC? | ne a. 
Y TRANSPARENT 
MODE? 
LOAD | 
| N 
'  SYN2 REGISTER 
: TRANSPARENT Me 
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1-bit time before resuming normal 
transmission. 


In the synchronous mode setting, CR 
bit 3 forces the transmission of the DLE 
character prior to sending the charac- 
ter in the TXHR. Because this is a one- 
time command, bit 3 automatically 
resets. 


Bit 5 of the CR controls the state of the 
RTS output. When CR bit 5 is aone, 
RTS goes LOW and the transmit logic 
enabled. A one-to-zero transistion of _ 
bit 5 causes RTS to go HIGH one TxC 
time after the last serial bit is transmit- 
ted, if the TxSR was not already empty. 


Command Register bits 6 and 7 pro- 
vide four alternative modes of opera- 
tion in both synchronous and asyn- 
chronous operation. When both bits 
are zero, normal operation is selected. 
In the asynchronous mode, when only 
CR bit 6 is set, automatic echo mode is 
selected. In this mode, clocked, regen- 
erated received data is automatically 
directed to the TxD line while normal 
receiver operation continues. The re- 
ceiver must be enabled (bit 2 is a one), 
but the transmitter need not be en- 
abled. CPU-to-receiver communica- 
tions continue normally, but the CPU- 
to-transmitter link is disabled. Only the 
first character of a break condition is 
echoed. The TxD output goes HIGH 
until the next valid start is detected. 


The following conditions are true while 

in automatic echo mode: 

1. Data assembled by the receiver is 
automatically placed in the transmit 
holding register and retransmitted 
by the transmitter on the TxD 
output. 


2. Transmit clock = receive clock. 
3. TxRDY output = 1. 


4. The TXEMT/DSCHG pin reflects 
only the data set change condition. 


5. The TxEN command (CR bit 0) is 
ignored. 


In the synchronous mode, when only 
CR bit 6 is set, automatic SYN/DLE 
stripping is performed. The state of 
MR1 bits 6 and 7 controls which char- 
acters are stripped (Figure 1 and Table 
3). Automatic stripping does not affect 
setting of the SYN and DLE detect 
status register bits. 


FIGURE 5: MODE REGISTER 1 
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FIGURE 6: MODE REGISTER 2 
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FIGURE 7: COMMAND REGISTER 
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Two diagnostic modes are achievable 
in both synchronous and asynchro- 
nous operation: local loopback with 
CR bit 7 a one and CR bit 6 a zero, and 
remote loopback with both bits ones. 


gettin LOOPBACK, Note 1 
. The transmitter output is connected 
to the receiver input. 


2. DTRis connected to DCE and RTS 
is connected to CTS. 
3. Transmit clock is connected to the 
_ receive clock. 
4. The DTR, RTS and TxD outputs are 
held HIGH. 
5. The CTS, DCD, DSR and RxD 
inputs are ignored. 
Ard LOOPBACK 
. Data assembled by the receiver is 
automatically placed in the transmit 
holding register and retransmitted 
by the transmitter on the TxD 
output. 
2. Receive clock is connected to the 
transmit clock. 


3. No data is sent to the local CPU, but 
the error status conditions (PE, OE, 
FE) are set. 

4. The RxRDY, TxRDY, and TxEMT) 
DSCHG outputs are held HIGH. 


5. CR bit 1 (TxEN) is ignored. 
6. Allother signals operate normally. 


STATUS REGISTER (SR) | 
Status Register bit 0 is the transmitter 
ready (TxRDY) status bit. It is the logi- 
cal complement of the TxRDY output 


(Figure 8). This bit indicates the state of . 


the TxHR when the transmitter is en- 
abled (TXxEN is a one). A zero indicates 
that TXHR is full, a one indicates that 
TxHR is empty and requires servicing 
by the CPU. This bit is cleared by writ- 
ing to TXHR or by disabling the trans- 
mitter (TxEN is a zero). Note that SR 
bit 0 is not set in either the auto echo or 
remote loopback modes. | 


Bit 1 of the SR is the receiver ready 
(RxRDY) status bit. It is the logical 
complement of the RxRDY output. 

This bit indicates the state of the RxHR 
when the receiver is enabled (RxEN 

is aone). A zero indicates that the 
RxHR is empty, a one indicates that the 
RxHR is full and requires servicing by 
the CPU. This bit is cleared by writing 


' FIGURE 8: STATUS REGISTER 


7{e[sfe]si2}r fo) 


WHEN SET (= 1) THESE BITS INDICATE 


CONDITION | RESETBY | 


TxRDY| TxHR EMPTY WRITING TO TxHR 
TxRDY=0 | 


TxEMT/DSCHG 


& PE/DLEDET 


.OE 


RxHR FULL 
RxRDY = 0 
TxSR EMPTY OR 


STATE CHANGE ON 
DCD OR DSR 
TxEMT/DSCHG = 0 


ASYNC: PARITY ERROR 


SYNC: PARITY ERROR ~ 
IF ENABLED OR 
DLE DETECT 


OVERRUN DETECTED 


ASYNC: FRAMING 


READ RxHR, DISABLE 
RECEIVER 


WRITING TO TxHR 
READING STATUS REGISTER 


RESET ERROR CMD 
.DISABLE RECEIVER 
P.E. RESET BY: RESET ERROR CMD 
AND DISABLE RECEIVER 

DLE DETECT RESET BY: NEXT 
CHARACTER LOADING INTO RxHR 


RESET ERROR CMD OR DISABLE 
RECEIVER 


RESET ERROR CMO OR DISABLE 


FE/SYNDET ERROR _ RECEIVER 
= SYNC: SYN DETECT ' READ STATUS REGISTER OR 
DISABLE RECEIVER 
DCD| COMPLEMENT OF N/A 
DCD INPUT 
_ DSR} COMPLEMENT OF N/A 
DSR INPUT 


MASTER RESET | - | - olo 
RESET ERROR CMD | — | | o [olo - | 2 - | 


— SYMBOL INDICATES NO EFFECT 


_ tothe TxHR or by disabling the 


receiver (RxEN is a zero). 


Status Register bit 2 indicates a 
change of status of either DSR or DCD, 
or that the TxSR is empty. This bit is the 
logical complement of the TxEMT/ 


~ DSCHG output. A read of the status 


clears bit 2 if a state change on DSR or 
DCD has occurred. If a second succes- 
sive read of the status register indi- 
cates bit 2 is a zero, DCD or DSR has 
changed. If bit 2 is still set, the TxSR is 
empty. Because the transmitter does 
not start until the first character has 
been written to the TxHR, TxEMT sta- 
tus is not reflected until transmission of 
the first character is complete, TxEMT 
status is cleared by writing to the TxHR 
or disabling the transmitter. Note that 
TxEMT status is set in synchronous 
mode even though “fill” characters are 
being transmitted. 


Notes: 


When set, SR bit 3 reflects a parity 
error when parity checking is enabled 
in both the synchronous and asynchro- 
nous modes. In the synchronous trans- 
parent mode (MR2 bit 16 is a one) with 
the parity enable bit (MR2 bit 4) a zero, 
SR bit 3 indicates DLE detect when set. 
This indicates that a character match- 
ing the DLE register was received and 
the present character is neither SYN1 
nor DLE. This bitis cleared when the | 
next character following the above se- 
quence is loaded into the RxHR, when 
the receiver is disabled or by a reset 
error command. 


Bit 4 of the SR indicates an overrun 
error when set. An overrun condition 
exists when the CPU does not read the 
RxHR before the next received charac- 
ter is transferred to it. (The previous 
character is lost.) Bit 4 is cleared by the 
reset error command and when the 
receiver is disabled. 


1. CR bits 0, 1 and 5 must be set, CR bit 2 is a don’t care. 
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TABLE 3: EFFECT OF MR17 AND MR16 ON CHARACTER FILL AND CHARACTER STRIPPING 
(SYNCHRONOUS MODE) 


Synchronizing Character(s) 
MR17 ieee ee Character Fill Stripped CR7 = 0, CR6 = 1 
0 he dees t SYN1-SYN2 SYN1-SYN2 SYN1 
Normal SYN1-SYN2!1) 
1 0 Single SYN SYN1 SYN1 SYN11) 
Normal 


a 1 Double SYN SYN1-SYN2 DLE-SYN1 DLE-SYN1) 
Transparent SYN1-SYN2("1 (Only Initial Synchronizing 
Sequence) 


DLE (also Sets SR3 if Parity Disabled and 
it is not Following a DLE or SYN1) 


In a DLE-DLE Sequence Only the First DLE 
is Stripped 


1 1 Single SYN SYN1 DLE-SYN1 DLE-SYN1!"! 
Transparent SYN1 (only Initial Synchronizing Sequence) 
DLE and DLE-DLE same as Double SYN 
Transparent. 


FIGURE 9: TRANSMITTER OPERATION TIMING DIAGRAM 


SYNCHRONOUS MODE 7-81T CHARACTER, NO PARITY 


TxC (1X) 


RTS 


WRITE DATA 1 WRITE DATA 2 WRITE DATA 3 WRITE DATA 4 WRITE DATAS 


TxEN 


TxROY 


TxEMT | 


ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT 


WRITE DATA 1 WRITE DATA 2 WRITE DATA 3 WRITE DATA 4 WRITE FOR LE BREAK CMD 


TxEN | 
TxRDY | | | | | | 
TxEMT | | . 


Notes: 


1. Symbol indicates SYN DET status set upon detection of initial synchronizing characters and after SYNC has been achieved by detection of a 
DLE-SYN1 pair. 
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Inthe asynchronous mode, SRbit5in- —_— transparent mode, this bit is set upon 
dicates that the received character was detection of the initial synchronizing 
not framed by a stop bit. Ifthe RxHRis characters (SYN1 or SYN1-SYN2) 


all zeros when bit 5is set,abreakcon- — and after synchronization has been 
dition was present. Insynchronous  ~ achieved, when a DLE-SYN1 pair 
non-transparent mode, bit 5 indicates is received. The bit is reset when the 
receipt of the SYN1 character in single- receiver is disabled, when the reset. 
SYN mode or the SYN1-SYN2 pair in error command is given in asynchro- 


double-SYN mode. In synchronous 


nous mode and when the Status 
Register is read by the CPU in the 
synchronous mode. 


Status Register bits 6 and 7 reflect the 
condition of the DCD and DSR inputs, 
respectively. Their states are the logi- 
cal complements of their respective 
inputs. 


VL6551-VL65C51 


ASYNCHRONOUS COMMUNICATION INTERFACE 
FEATURES 


On-chip baud rate generator: 15 
programmable baud rates derived 
from a standard 1.8432 MHz 
external crystal (50 to 19,200 baud) 


Programmable interrupt and status 
register to simplify software design 


Single 5 V power supply 
Serial echo mode 
False start bit detection 


8-bit bidirectional data bus for direct 
communication with the micro- 


External 16x clock input for non- 
standard baud rates (up to 125K 
baud) 

Programmable: word lengths, 
number of stop bits, and parity bit 
generation and detection 


Data set and modem control signals 
provided 


Full-duplex or half-duplex operation 


5, 6, 7, 8, and 9 bit transmission 


processor ; nee HMOS technology 
: mas oie Nene ¢ Low power consumption CMOS 
: technology (VL65C51) 


ADAPTER 


DESCRIPTION 

The VL6551/VL65C51 is an 
Asynchronous Communications 
Interface Adapter (ACIA) which 
provides an interface between 
6500/6800 microprocessor families 
and serial communication data sets 
and modems. A unique feature is the 
inclusion of an on-chip programmable 
baud rate generator, with a crystal 
being the only external component 
required. The device is available in 
both very low cost HMOS (VL6551) 
and very low power CMOS (VL65C51) 
technologies. 


PIN DIAGRAM BLOCK DIAGRAM 


TRANSMIT 
CONTROL | 


CTs 
VL6551 
VL65C51 TRANSMIT TRANSMIT 
DATA [———)_ SHIFT TxD 
REGISTER REGISTER 
GND { : 
CSO y) status |. INTERRUPT | = 
CSt 3 REGISTER LOGIC 
RES 4 SELECT 
RxC 5 BAUD RxC 
CONTROL 
XTAL2 7 : 
RIS | 8 RECEIVE RECEIVE oe 
CTS 9 DATA K | _ SHIFT 
TxD. DBo “+ REGISTER REGISTER : 
DTR 
REGISTER | CONTROL 
RSO 
RS1 = 
RTS 


ORDER INFORMATION 


Part Clock 
Number Rate 


VL6551-01PC 
VL6551-01CC 
VL65C51-01PC 
VL65C51-01CC 
VL6551-02PC 
VL6551 -02CC 
VL65C51-02PC 
VL65C51-02CC 
VL65C51-03PC 
VL65C51-03CC 
VL65C51-04PC 
VL65C51-04CC 


Note: Operating temperature is 0°C to +70 


6-45 


Package 


Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


°C 


2 
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SIGNAL DESCRIPTIONS | 


Signal | Pin: 
Name Number | 


RES | 4 
12 


DBO - DB7 18-25 


XTAL1, XTAL2 6,7 


DCD 16 


Note: 


Signal 


Description 


- During initialization, low on the Reset input causes internal registers to be cleared. 


The RxD input line receives serial NRZ data into the ACIA from the modem, last bit first. 


The input clock is the system @2 clock and is used to trigger all data transfers between 
the microprocessor and the VL65(C)51. 


The Read/Write signal is generated by the microprocessor and is used to control the 
direction of data transfers. A high on the R/W pin allows the processor to read the data 
supplied by the VL65(C)51. A low on the R/W pin allows a write to the VL65(C)51. 


The interrupt request signal, from the interrupt control logic, is an open drain output, that 
permits several devices to be connected to the common IRQ microprocessor input. 
Normally a high level, IRQ goes low when an interrupt occurs. 


The DBO-DB7 pins are the eight data lines used for transfer of data between the processor 
and the VL65(C)51. These lines are bidirectional and are normally high-impedance except 
when selected during Read cycles. | 


The two Chip Select inputs are normally connected to the processor address lines ei either 
directly or through decoders. The VL65(C)51 is selected when CSO is high and CS1 is low. 


The two register select lines are normally connected to the processor address lines to 
allow the processor to select the various VL65(C)51 internal registers. The following table 
shows the internal register Boles coding. 


ee Read 


| Transmit Data Register | Data Reg | Transmit Data Register | Receiver Data Register 
a Programmed Reset (Data| Status Register 
is "Don't Care" 


‘Command Reaister 
Control Register 


The table SE that only the Command and Control Registers are read/write. The 
programmed reset operation does not cause any data transfer, but is used to clear the 
VL65(C)51 registers. The programmed reset is slightly different from the hardware reset 
and these differences are described in the individual register definitions. 


External crystal (1.8432 MHz) connection that drives the various baud rates. An. 
externally generated clock may be used to drive the XTAL1 pin (XTAL2 pin must float). 


The TxD output line is used to transfer serial NRZ data into the ACIA from the modem, LSB 
first. The receiver data rate is either the programmed baud rate or the rate of an externally 
generated receiver clock. This selection is made by programming the Control Register. 
The RxC is a bidirectional pin that serves as either the receiver 16x clock input or the 
receiver 16x clock output. Output results if the internal baud rate generator is selected. _ 
The RTS output is used to control the modem from the processor. The state of the RTS pin 
is determined by the contents of the Command Register. 


The CTS input is used to control the transmitter operation. The enable state is with CTS 


~ low. The transmitter is automatically disabled if CTS is high. 
_ This output pin is used to indicate the status of the VL65(C)51 to the modem. A low on 


DTR indicates the VL65(C)51 is enabled anda high indicates it is disabled. The processor 
controls rols this pin via bit 0 of the Command Register. 


The DSR input is used to indicate to the VL65(C)51 the the status of the modem. A low 
indicates the “ready” state and a high, "not-ready". DSRis a high-impdeance input and 
must not be a no-connect. If unused, it should be driven high or low, but not switched. 


The DCD input is used to indicate to the VL65(C)51 the status of the carrier-detect output 
of the mode. A low indicates that the modem carrier signal is present and a high, that it is 
not. DCD, like DSR, is a high- ee nee input and must not be a no-connect. 


lf Command Register Bit 0 = 1 and a change of state on DCD occurs, IRQ will bes set, and Status Register Bit 5 will reflect the new 
level. The state of DCD does not affect Transmitter operation, but must be low for the receiver to operate. 
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RECEIVER OPERATION 
CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the 
interrupt request output (IRQ) signals 
when the ACIA is ready to accept the 
next data word to be transmitted. This 
interrupt occurs at the beginning of the 
Start Bit. When the processor reads the 
Siatus Register of the ACIA, the 
interrupt is cleared. The processor must 
then identify that the Transmit Data 
Register is ready to be loaded and must 
then load it with the next data word. This 
must occur before the end of the Stop 
Bit, otherwise a continuous "Mark" will 
be transmitted. 


CONTINUOUS DATA RECEIVE 
Similar to the continuous data transmit 
case, the normal operation of this mode 
is to assert IRQ when the ACIA has 
received a full data word. This occurs at 
about the 9/16 point through the Stop 
Bit. The processor must read the Status 
Register and read the data word before 
the next interrupt, otherwise the overrun 
condition occurs. 


TRANSMIT DATA REGISTER NOT 
LOADED 

If the processor is unable to load the 
Transmit Data Register in the allocated 
time, then the TxD line goes to the 
“Mark" condition until the data is loaded. 
IRQ interrupts continue to occur at the 
same rate as previously stated, except 
no data is transmitted. When the 
processor finally loads new data, a Start 
Bit immediately occurs, the data word 
transmission is started, and another 
interrupt is initiated, signaling for the 
next data word. 


EFFECT OF CTS ON 
TRANSIMITTER 

The Clear-to-Send signal is generated 
by the modem. It is normally low (true 
state) but may go high in the event of 
some modem problems. When this 
occurs, the TxD line goes to the "Mark" 
condition after the entire last character 
(including parity and stop bit) has been 
transmitted. Bit 4 in the Status Register 
indicates that the Transmit Data 
Register is not empty and IRQ is not 
asserted. CTS is a transmit control line 
only, and has no effect on the ACIA 
receiver operation. 


dll | 
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EFFECT OF OVERRUN ON 
RECEIVER 

If the processor does not read the 
Receive Data Register in the allocated 
time, when the following interrupt 
occurs, the new data word is not 
transferred to the Receive Data 
Register, but the Overrun Status Bit is 
set. Thus, the Receive Data Register 
will contain the last vaiid data word 
received and all following data is lost. 


ECHO MODE TIMING 

In Echo Mode, the TxD line retransmits 
the data on the RxD line, delayed by one- 
half of the bit time. 


EFFECT OF CTS ON ECHO MODE 

In Echo Mode, the receiver operation is 
unaffected by CTS; however, the 
transmitter is affected when CTS goes 
High, t.e., the TxD line immediately goes 
to a continuous "Mark" condition. In this 
case, however, the status request 
indicates that the Receive Data Register 
is full in response to an IRQ, so the 
processor has no way of knowing that 
the transmitter has ceased to echo. 


OVERRUN IN ECHO MODE 

if overrun occurs in Echo Mode, the 
receiver is affected the same way asa 
normal overrun in Receive Mode. For 
the retransmitted data, when overrun 
occurs, the TxD line goes to the "Mark" 
condition until the first Start Bit after the 
Receive Data Register is read by the 
processor. 


FRAMING ERROR 

Framing error is caused by the absence 
of Stop Bit(s) on received data. A 
framing error is indicated by the setting 
of bit 4 in the Status Register at the 
same time the Receive Data Register 
Full (RDRF) Bit is set, also in the Status 
Register. In response to IRQ, 
generated by RDRPF, the Status Register 
can also be checked for the framing 
error. Subsequent data words are 
tested separately for framing error , so 
the status bit will always reflect the last 
data word received. 


EFFECT OF DCD ON RECEIVER 
DCD is a modem output indicating the 
status of the carrier-frequency- — 
detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, 
when this occurs, the modem will stop 
transmitting data some time later. The 
ACIA asserts IRQ whenever DCD 


changes state and indicates this 
condition via bit 5 in the Status Register. 
Once such a change of state occurs, 
subsequent transitions will not cause 
interrupts or changes in the Status 
Register until the first interrupt is 
serviced. When the Status Register is 
read by the processor, the ACIA 
automatically checks the level of the 
OCD line. and ff it has changed, another 
IRQ occurs. 


TIMING WITH 1-1/2 STOP BITS 

It is possible to select 1-1/2 Stop Bits, 
but this occurs only for 5-bit data words 
with no parity bit. In this case, the IRQ 
asserted for receive data register full 
occurs halfway through the trailing half- 
Stop Bit. 


TRANSMIT CONTINUOUS 
"BREAK" 7 

This mode is selected via the ACIA 
Command Register and causes the 
transmitter to send continuous "Break" 
characters, beginning with the next 
character transmitted. At least one full 
"Break" character will be transmitted, 
even if the processor quickly re- 
programs the Command Register 
transmit mode. Later, when the 
Command Register is programmed back 
to normal transmit mode, an immediate 
Stop Bit will be generated and 
transmission will resume. If, while 
operating in the Transmit Continuous 
"Break" Mode, the CTS should go toa 
high, the TxD will be overridden by the 
CTS and will go to continuous "Mark" at 
the beginning of the next character 
transmitted after the CTS goes high. 


RECEIVE CONTINUOUS 

"BREAK" 

In the event the modem transmits 

continuous "Break" characters, the 

ACIA will terminate receiving. Reception 

will resume only after a Stop Bit is 

encountered by the ACIA. 

STATUS REGISTER OPERATION 

Because of the special functions of the 

various status bits, there is a suggested 

sequence for checking them. When an 
interrupt occurs, the ACIA should be 
interrogated, as follows: 

1. Read Status Register. This operation 
automatically clears Bit 7 (IRQ). 
Subsequent transitions on DSR and 
DCD will cause another interrupt. 

2. Check IRQ (bit 7) in the data read 
from the Status Register. If not set, 
the interrupt source is not the ACIA. 
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3. Check DCD and DSR. These must 
be compared to their previous © 
levels, which must have been 
saved by the processor. If they are 
both 0 (modem "on-line") and they 
are unchanged, the remaining . 
bits must be checked. 

4. Check RDAF (Bit 3). Check for 
Receive Data Register full. 

5. Check Parity, Overrun, and Framing 
Error (Bits 0-2) if the Receiver Data 
Register is full. | 

6. Check TDRE (Bit 4). Check for 
Transmitter Data Register empty. 

7. Ifnone of the above conditions 
exist, then CTS must have gone to 
the false (high) state. 


PROGRAM RESET OPERATION 

A program reset occurs when the 

processor performs a write operation | 

to the ACIA with RSO low and RS 1 high. 

The program reset operates somewhat 

differently from the hardware reset 

(RES pin) and is described as follows: 

1. Internalregistersarenot = = 
completely cleared. Check registe 
formats for the effect of a program 
reset on internal registers. 

2. DTRline goes high immediately. 

3. Receiver and transmitter interrupts 
are disabled immediately. If IRQ is 
low when the reset occurs, it stays | 
low until serviced, unless the . : 
interrupt was caused by DCD or 
DSR transition. 


4. DCD and DSR interrupts are_ 
disabled immediately. If IRQ is Low 
and was caused by DCD or DSR, 
then it goes high; also DCD and 
DSR status bits subsequently will 
follow the input lines, although no 

interrupt will occur. 

5. Overrun cleared, if set. 


MISCELLANEOUS _ __ 
1. If Echo Mode is selected, RTS goes 
Low. 


2. If BitO of Command Register is 0 
(disabled), then: | 

a) Allinterrupts are disabled, 
including those caused by DCD 
and DSR transitions. 

b) Transmitter is disabled 
immediately. 

c) Receiver is disabled, but a 

_ character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of 
all the 1 bits in the data work. 
(including the parity bit) is odd. 

4. In the receiver mode, the received 
parity bit does not'go into the 
Receiver Data Register, but 
generates parity error or no parity 
error for the Status Register. 

5. Transmitter and Receiver may be in 
full operation simultaneously. This 
is full-duplex mode. 

6. If the RxD line inadvertently 
goes low and then high right after a 
Stop Bit, the ACIA does not © 
interpret this as a Start Bit, but 
samples the line again halfway into 


FIGURE 1. TRANSMITTER/RECEIVER CLOCK CIRCUITS | : 
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CLOCK © 
DIVIDER 
(+16) 


REGISTER 


the bit to determine if it is a true Start Bit 
or false one. For false Start Bit. 
detection, the ACIA does not begin 
to receive data; instead, only a true 
Start Bit initiates receiver operation. 

7. Precautions to consider with the crystal 
oscillator circuit: oe 

a) The external crystal should be a 
“series” mode crystal. 

b) The XTALI input may be used as an 
external clock input. The unused __ 
pin (EXTALO) must be floating and 
may not be used for any other 

____ function. | 

8. DCD and DSR transitions, although 
causing immediate processor 
interrupts, have no effect on transmitter 
operation. Data will continue to be sent, 
unless the processor forces the 
transmitter to turn off. Since these are 
high- impedance inputs, they must not 
be permitted to float (unconnected). If 
unused, they must be terminated either 
to GND or VCC. 


GENERATION OF NON-STANDARD 
BAUD RATES | 

The internal counter/divider circuit selects 
the appropriate divisor for the crystal 
frequency by means of bits 0-3 of the ACIA 
Control Register. By using a different. 
crystal, other baud rates may be 
generated. These can be determined by 
the baud rate = crystal frequency + 
divisor. Furthermore, it is possible to drive 
the ACIA with an off-chip oscillator to 
achieve other baud rates. In this case, 
XTALI (pin 6) must be the clock input and 
XTALO (pin 7) must be a no-connect. 


emcee 


RxD 


TxD 


FIGURE 2. CONTROL REGISTER 


The Control Register is used to select 


the desired mode for the VL65(C)51. The 


word length, number of stop bits, and 
clock controls are defined below. 


STOP BITS 


O= 1 Stop Bit 


1 = 2 Stop Bits 


WORD LENGTH 


io 
rote] 2 — 
Eo ee a a 
fol 3 


RECEIVER CLOCK SOURCE 


0 = External Receiver Clock 
1 = Baud Rate Generator 


* This allows for 9-bit transmission ( 8 data bits plus parity). 


1 Stop Bit if Word Length = 8 Bits and Parity* 
1.5 Stop Bits if Word Length = 5 Bits and No Parity 
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FIGURE 3. COMMAND REGISTER 


The Command Register is used to 
control specific transmit/receive 
functions. 


COMMAND REGISTER 


7 jets fa |s je | so) 


PARITY CHECK CONTROLS 


al a OPERATION 


c Parity Disabled — No Parity Bit 


Generated — No Parity Bit Received 
i 
0 
{ { Mark Parity Bit Transmitted, 
Parity Check Disabled 
ra ee or | Space Parity Bit Transmitted, | 
Parity Check Disabled o: 


NORMAL/ECHO MODE. 
FOR RECEIVER 


0 = Normal _ 
1 = Echo (Bits 2 and 3 must be “O’) 


Odd Parity Receiver and Transmitter 


Boze s 


Even Parity Receiver and Transmitter 


DATA TERMINAL READY 


| | 0 = Disable Receiver and ALL 
Interrupts (DTR high) 


1 = Enable Receiver and ALL 
Interrupts (DTR low) 


RECEIVER INTERRUPT ENABLE 


0 =IRQ Interrupt Enabled from Bit 3 
of Status Register 


1 =IRQ Interrupt Disabled 


TRANSMITTER CONTROLS 


TRANSMIT 
INTERRUPT 


RTS 
LEVEL| TRANSMITTER 


Transmit BRK 


765 43210 


HARDWARE RESET [0 | 0]| 0| of of o[ o| o| 
PROGRAMRESET [-|-]|-| o] of o] of o 
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FIGURE 4. STATUS REGISTER 


STATUS SET BY CLEARED BY 
; . 0 = No Error + ee 


0 = No Error 
1 = Error 


Framing Error* 


Self Clearing** 
Receive Data 
Register Full 


Transmit Data 0 = Not Empty Write Transfer 
Register Empty | 1 = Empty Data Register 
DCD 


Not Resettable 


0 =No€Error 
1 = Error 


*NO INTERRUPT GENERATED 
FOR THESE CONDITIONS. 


** CLEARED AUTOMATICALLY 
AFTERA READ OF RDR AND 
THE NEXT ERROR+# REE 
RECEIPT OF DATA. 


Reflects DCD 


=— Not Resettable 
De bento Reflects DSR 
1 = DSR High eile 
| 0 = No Interrupt | Read 
1 = Interrupt Status Register 


7 6 5 4 3 2 


1 0 
HARDWARE RESET [ 0| -] -| 1 | of | 
procramreser |-| -[ -[ -[ -; of -[ -| 


FIGURE 5. DATA STREAM EXAMPLE 


“MARK” __ “MARK* 
foj+}2]3 j4 {ts | ef7{P] | 
lad DATA BITS _ ae 
STOP 
BIT 


TABLE 1. TRANSMIT/RECEIVE CHARACTERISTICS 1a = 0° to +70°c, VCC = 5 V 15% 
fwawosrar [ wesceroe | wisscsios [ wiacrion | 

Symbol_| Parameter | Min | Max | Min | Max | Min | Max | Min 

roe [rmowanin [em | - [er | — | or 

roi _[rmoomenten [ve [| me | — | 

a m= [= 


00 [rurwroronoy|— | wo] — | so} — | | — | #0 | 


TR, TF = 10to 30ns 


The baud rate with external clocking is: Baud Rate = 1 + (16 X TCYC) 
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TABLE 2. READ TIMING 1a =0°C to 470°C, VCC = 5 V 45% 


[wsseerce | wiescsi0e [ visscsion 


_TCYC 
TC 
TACR 
TCAR 
TWCR 
TCDR 
THR 


THW 


TR, TF = 


crate fo | -[s|-[e={-]eal—-| 


[coranwen fm {—|~|-|]|-|@|—_ 
ana eniptin fe | — f° |—|« ~-[«* | 
Tmowsroome fo | —]e |-]° |-]° |—_ 
[aionerne [oe | — 

[rast [- | ow | =| — | = 
[rasoanicinm fo | -]* ||» | —_ 
[ontinorm fo | -[~°]-]« ]—— 


10to 30ns 


FIGURE 6. READ TIMING (SEE TABLE 2) 
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TABLE 3. WRITE TIMING 1A =0°C to +70°c, vcC = 5 V +5% 


VL65(C)51-01 VL65(C)51-02 VL65C51-03 VL65C51-04 
Parameter 


Cycle Time 
@2 Pulse Width 


vv Address Sei-Up Time 


TCAH Address Hold Time rae 
TWCW R/W Set- -Up Time 160 


—e f-{e = — {-T 


TCWH R/W Hold Time 
TDCW Data Bus Set-Up Time 
Data Bus Hold Time 


TR, TF = 10 to 30 ns 


FIGURE 7. WRITE TIMING (SEE TABLE 3) 
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FIGURE 8. TRANSMIT TIMING (SEE TABLE 1) FIGURE 9. INTERRUPT TIMING (SEE TABLE 1) 


TCYC + 


XTAL1 
(TRANSMIT 
CLOCK INPUT) 


TxD 


IRQ 
NOTE: TxD RATE IS 1/16 TxC RATE. (CLEAR) 


FIGURE 10. RECEIVE EXTERNAL CLOCK TIMING (SEE TABLE 1) 
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RxC 
(INPUT) 


TCL 


NOTE: RxD RATE IS 1/16 RxC RATE. 


FIGURE 11. TEST LOADS 


OPEN COLLECTOR 
OUTPUT TEST LOAD 


5V 
3 KQ 
PIN 


PIN 


100 pF 


C = 130 pF MAX for DBO - DB7 
C = 30 pF MAX for all other outputs 
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DC CHARACTERISTICS (VL6551) TA = 0°C. to +70°C, VCC = 5 V +5%, unless otherwise noted. 


Symbol Characteristic win [typ | mex | unit | Conditions 
VIH | Input HIGH Voltage p20 | — | vec} Vv VIN =0t05V 


Vit | tapa Low vatage oe 


IIN Input ut Leakage Current: (@2, RW, RES, =S, CSO, 
CS1,RSO: RS1. “CTS. RxD. DC DDSR) 


ITSI Input Leakage Current for High Imped. )— | 320 | soo} HA 

VOH Output HIGH Voltage: — V ILOAD = —100 pA 
(DBO — DB7, TxD, RxC, RTS, DTR) 
(DBO —- DB7, TxD, RxC, RTS, 

IOH Output HIGH Current (Sourcing): 100 
(DBO - DB7, TxD, RxC, RTS, DTR) VOH = 2.4V 


IOL Output LOW Current (Sinking): VOL = =0.4V 
(DBO — DB7, TxD, RxC, RTS, DTR, TRQ) 


lOFF Output Leakage Current (Off State): VOUT = 5V (IRQ) tet t 
CCLK | Clock Capacitance (@2) p—- [= [2 | oF | 
Cl 


Input Capacitance (Except XTAL1 and XTAL2) be, eet ae fee 
PD Power Dissipation (See Graph) (TA =0°C) }— | 170 | 300 | mw | VCC =5.25V 


FIGURE 12. HMOS POWER DISSIPATION VS. TEMPERATURE 


_— +1.0 +2.5 


Bs) 


yore 2.4V 


200 
175 
TYPICAL 
POWER 
DISSIPATION 150 
(mW) 
125 
100 


T AMBIENT (°C) 
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DC CHARACTERISTICS (VL65C51) TA = 0°C to. +70°C, VCC = 5 V +5%, unless otherwise noted. 
Symbol 2 -- _— 


Bs oS Characteristic | 
VIH | Input HIGH Voltage. | | | 2.0 
VIL Input LOW Voltage -0.3 P| 


Input Leakage Current: (22, RW, RES, CSO, 
CS1, RSO; RS1, CTS, RxD, DC DDSR) 


ITS] Input Leakage Current for High Imped. 


Conditions 


J 
G 


v | VIN =0t05V 


oi 5 
roe) '?@) 
(@) 


VOH Output HIGH Voltage: es 24 V ILOAD =—100 pA 
_ (DBO ~ DB7, TxD, RxC, RTS, DTR) | | 
VOL OutputLOW Voltage: 
(DBO — DB7, TxD, RxC, RTS, DTR, IRQ) 
IOH Output HIGH Current (Sourcing): _ 200 A |. - 
(DBO - DB7, TxD, RxC, RTS, DTR) . nee 
lo | Output LOW Current (Sinking): VOL = 0.4 V ie a VOH =2.4V 
(DBO — DB7, TxD, RxC, RTS, DTR, IRQ) 
OFF Output Leakage Current (Off State): VOUT = 5 V (IRQ) p= | 10 | 10.0 A 
CCLK Clock Capacitance (@2) ee ee i eo 


CIN Input Capacitance (Except XTAL1 and XTAL2) 
COUT Output Capacitance 
PD Power Dissipation (TA = 0°C) 


FIGURE 13. CLOCK GENERATION 


a Ee 


EXTERNAL 
CLOCK 


XTAL1 


OPEN XTAL2 
CIRCUIT 
INTERNAL CLOCK — EXTERNAL CLOCK 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage -0.3Vto+7.0V All inputs contain protection circuitry to Maximum Ratings” may cause 
Input/Output Voltage -0.3 Vto +7. OV prevent damage to high static charges. permanent damage to the device. This 
Operating Temperature 0°C to 70°C Care should be exercised to prevent is a stress rating only and functional 
Storage Temperature -55°Cto 150°C unnecessary application of voltages in operation of the device at these or any 

excess of the allowable limits.Stresses other conditions above those indicated 

above those listed under "Absolute in the operational sections of this 


specification is not implied. 
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VL8530 
SERIAL COMMUNICATIONS CONTROLLER (SCC) 


FEATURES DESCRIPTION 
= eee full-duplex The VL8530 Serial Communications 


Controller (SCC) is a dual-channel, 
multiprotocol data communications 
peripheral designed for use with 
conventional non-multiplexed buses. 
The SCC can be software-configured 
to satisfy a wide variety of serial 
communications applications. The 
device contains a variety of new, 
sophisticated internal functions, 
including on-chip baud rate 
generators, digital phase-locked 
loops, and crystal oscillators that 
dramatically reduce the need for 
external logic. 


¢ Oto 1.5M bit/second 

¢ Multi-protocol operation for NRZ, 
NRZI, or FM 

e Asynchronous mode includes 
1, 1.5, or 2 stop bits per character. 

* Programmabie ciock factor 

¢ Break generation and error 
detection 

° Intelligent SDLC/HDLC 

¢ Local loopback and auto echo 
modes 

* Synchronous support includes 
internal or external character 
synchronization. 


The SCC handles asynchronous for- 
mats, synchronous byte-oriented pro- 
tocols, such as IBM Bisync, and syn- 
chronous bit-oriented protocols, such 
as HDLC and IBM SDLC. This ver- 
satile device supports virtually any 
serial data transfer application 
(cassette, diskette, tape drives, etc.). 


The device can generate and check 
CRC codes in any synchronous mode 
and can be programmed to check data 
integrity in various modes. The SCC 
also has facilities for modem controls 
in both channels. 


PIN DIAGRAM 
VL8530 


BLOCK DIAGRAM 


1 
2 
3 
4 
5 
6 
7 
8 
9 


+8 V GND PCLK 


ORDER INFORMATION 


BAUD RATE 
GENERATOR 
A 
TERNAL CHANNEL A 
CONTROL — REGISTERS 
LOGIC 


INTERRUPT “=| INTERRUPT 
CONTROL [P| CONTROL ped ad 
LINES <— Z| tosic ale 


BAUD RATE 
GENERATOR 


g-—} SERIAL DATA 


CHANNEL CLOCKS 
SYNE 
a—————t> = WAITREQUEST 


eee Ree 
: sramus as OTHER. COOLS 


DISCRETE 
CONTROL 
4 sta ‘ATUS OTHER CONTROLS 


=} SERIAL DATA 
CHANNELB 9 (TS CHANNEL CLOCKS 


> SINT 
——P WAITREQUEST 


Part Clock : 
Number Frequency Package 


VL8530-04PC 


VL8530-04QC 4 MHz 


VL8530-04CC 
VL8530-06QC 


VL8530-06PC _ 6MHz 


VL8530-06CC 


Note: Operating temperature range: 0° to +70°C. 


Plastic DIP 

Plastic Leaded Chip Carrier 
Ceramic DIP 

Plastic DIP 

Plastic Leaded Chip Carrier 
Ceramic DIP 
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PIN aan 


B VL8530 


NC |RTSA |DCDA| DCDB| RISB] NC 
DIRFVREGA CTSA PCLK CTSB DTAR/REQB 


SIGNAL DESCRIPTIONS 


| Signal 


Signal. DIP Pin 
Name Number Description | 
AB 34 Channel A/Channel B Select - This input signal selects the channel on which the read or 
gut write operation occurs. 
CE 33 Chip Enable - This active-LOW input signal selects the SCC for a read or write operation. 
CTSA, 18 Clear To Send-Active-LOW inputs- If these pins are programmed as auto enables, a LOW 
CTSB 22 on the inputs enables the respective transmitters. If not programmed as auto enables, 
they may be used as general-purpose inputs. Both inputs are Schmitt-trigger buffered to 
accommodate slow rise-time inputs. The SCC detects pulses on these inputs and can 
: interrupt the CPU on both logic level transitions. 
D/C 32 Data/Control Select - This input signal defines the type of information transferred to or 
from the SCC. AHIGH means data is transferred; a LOW indicates a command. 
DCDA, 19 Data Carrier Detect-Active-LOW inputs- These pins function as receiver enables if they 
BCDB 21 are programmed for auto enables; otherwise, they may be used as general-purpose input 
pins. Both pins are Schmitt-trigger buffered to accomodate slow rise-time signals. The 
SCC detects pulses on these pins and can interrupt the CPU on both logic level 
| transitions. ; 
~ DO0-D7 40,1,39,2,38, Data Bus - These bidirectional, 3-state ines carry data and commands to and from the 
3,37,4 SCC. 
DTR/REQA ~ 16,. Data Terminal Ready/Request - These active-LOW outputs follow the state programmed 
DTR/REQB 24 into the DTR bit. They can also be used as general-purpose outputs or as request lines for 
a direct memeory access (DMA) controller. 
IEI 7. Interrupt Enable In-Active-HIGH output- IEI is used with IEO to form an interrupt daisy 
~ chain when there is more than one interrupt-driven device. A HIGH IEI indicates that no 
other higher priority device has an interrupt underservice or is requesting an interrupt. 
7 Interrupt Enable Out-Active-HIGH output - IEO is HIGH only if IEI is HIGH and the CPU is 
IEO 6 


not servicing an SCC interrupt or the SCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). [EO is connected to the next lower priority device's IEI input 
and thus inhibits interrupts from lower priority devices. 
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SIGNAL DESCRIPTIONS (CONTINUED) 


Signal 
Name 


INT 


INTACK 


PCLK 


W/REQA, 
W/REOB 


DIP Pin 
Number 


5 


20 


36 


13, 
27 


12, 
28 


17, 
23 


11, 
29 


15, 
25 


14, 
26 


35 


10, 
30 


Signal 
Description 


Interrupt Request-Active-LOW open-drain output- This signal is activated when theSCC. 
requests an interrupt. 


Interrupt Acknowledge-Active-LOW input- This signal indicates an active Interrupt ___ 
Acknowledge cycle. During this cycle, the SCC interrupt daisy chain settles. When RD be- 
comes active, the SCC places an interrupt vector on the data bus (if IEl is HIGH). The 
INTACK signal is latched by the rising edge of PCLK. 


Clock - This input is the master SCC clock used to synchronize internal signals. PCLK is a 
TTL-level signal. 


Read-Active-LOW input - This signal indicates a read operation and, when the SCC is 
selected, enables the SCC's bus drivers. During the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus if the SCC is the highest priority device 
requesting an interrupt. 


Receive Data-Active-HIGH inputs- These input signals receive serial data at standard TTL 
levels. 


Receive/Transmit Clocks-Active-LOW inputs - These pins can be programmed in several 
different modes of operation. In each channel, RTxC may supply the receive clock, the 
transmit clock, the clock for the baud rate generator, or the clock for the digital phase 
locked loop. These pins can also be programmed for use with the respective SYNC pins 
as a crystal oscillator. The receive clock may be 1, 16, 32, or 64 times the data rate in 
asynchronous modes. set 

Request To Send-Active-LOW outputs - When the request-to-send (RTS) bit in write 
register 5 (figure 7) is set, the RTS signal goes LOW. When the RTS bit is reset in the 
asynchronous mode and auto enable is on, the signal goes HIGH after the transmitter is 
empty. In synchronous mode or in asynchronous mode with auto enable off, the 

RTS pin strictly follows the state of the RTS bit. Both pins can be used as general- 
purpose outputs. 


Synchronization-Active-LOW inputs or outputs - These pins can act either as inputs or 
outputs, or part of the crystal oscillator circuit. In the asynchronous receive mode__ 
(crystal oscillator option not selected), these pins are inputs similar to CTS and DCD. In 
this mode, transitions on these lines affect the state of the synchronous/hunt status bits 
in read register 0 (Figure 6) but have no other function. 


In external synchronization mode with the crystal oscillator not selected, these lines also 
act as inputs. In this mode, SYNC must be driven LOW to receive clock cycles after the 
last bit in the synchronous character is received. Character assembly begins on the 
rising edge of the receive clock immediately preceding the activation of SYNC. 


In the internal synchronization mode (Monosync and Bisync) with the crystal oscillator not 
selected, these pins act as outputs and are active only during the part of the receive 

clock cycle in which synchronous characters are recognized. The synchronous condi- 
tion is not latched, so these outputs are active each time a synchronization pattern is 
recognized (regardless of character boundaries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 


Transmit Data-Active-HIGH outputs - These output signals transmit serial data at _ 
standard TTL levels. 


Transmit/Receive Clocks-Active-LOW inputs or outputs - These pins can be programmed 
in several different modes of operation. TRxC may supply the receive clock or the 
transmit clock in the input mode or supply the output of the digital phase-locked loop, the 
crystal oscillator, the baud rate generator, or the transmit clock in the output mode. 


Write-Active-LOW input - When the SCC is selected, this signal indicates a write 
operation. The coincidence of RD and WR is interpreted as a reset. 


Wait/Request-open-drain outputs when programmed for a wait function, driven HIGH or 
LOW when programmed for a Request function) - These dual-purpose outputs may be 
programmed as Request lines for a DMA controller or as Wait lines to synchronize the CPU 
to the SCC data rate. The reset state is Wait. 
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FUNCTIONAL 


DESCRIPTION 


The functional capabilities of the SCC 
can be described from two different 
points of view. As a data communi- 
cations device, it transmits and 
receives data in a wide variety of data 
communications protocols. As a 
microprocessor peripheral, the SCC 


tored interrupts, polling, and simple. 
handshake capability. 


DATA COMMUNICATIONS 
CAPABILITY | . 
The SCC provides two independent full- 

duplex channels programmable for use 
in any common asynchronous or syn- 


offers SUCH valuable features as vec- 


chronous data communication protocol. 
Figure 1 and the following description 
briefly detail these protocols. 
Asynchronous modes - Transmission 
and reception can be accomplished 
independently on each channel with 5 to 
8 bits per character, plus optional 


FIGURE 1. SCC PROTOCOLS 


PARITY | 


START STOP 


MARKING LINE | DATA | | 


ASYNCHRONOUS 


sync. | — DATA ee E DATA 


MONOSYNG 
SYNC ne DATA DATA 
= 4 | | BISYNC 


EXTERNAL SYNC 


ue 


MARKING LINE 


CRC1 CRC2 
CRC1 CRC2 
CRC1 CRC2 


SDLC/HDLC/X.25 
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even or odd parity. The transmitters 
can supply 1, 1 1/2, or 2 stop bits per 
character and can provide a break 
output at any time. The receiver break- 
detection logic interrupts the CPU both 
at the start and at the end of a 

received break. 

Reception is protected from spikes by 
a transient spike-rejection mechanism 
that checks iné signal one-half a bit 
time after a LOW level is detected on 
the receive data input (RxDA or RxDB). 
If the LOW does not persist (as in the 
case of a transient), the character 
assembly process does not start. 


Framing errors and overrun errors are 
detected and buffered together with 
the partial character on which they 
occur. Vectored interrupts allow fast 
servicing or error conditions using 
dedicated routines. Furthermore, a 
built-in checking process avoids the 
interpretation of a framing error as a 
new start bit: a framing error results in 
the addition of one-half a bit time to the 
point at which the search for the next 
start bit begins. 


The SCC does not require symmetric 
transmit and receive clock signals 

a feature allowing use of the wide vari- 
ety of clock sources. The transmitter 
and receiver can handle data at a rate 
of 1, 1/16, 1/32, or 1/64 of the clock 
rate supplied to the receive and trans- 
mit clock inputs. In asynchronous 
modes, the SYNC pin may be pro- 
grammed as an input used for such 
functions as monitoring a ring 
indicator. 


Synchronous modes. The SCC 
supports both byte-oriented and bit- 
oriented synchronous communication. 
Synchronous byte-oriented protocols 
can be handled in several modes, al- 
lowing character synchronization with 
a 6-bit or 8-bit synchronous character 
(Monosync) any 12-bit synchroni- 
zation pattern (Bisync), or with an 
external synchronous signal. Leading 
sync characters can be removed 
without interrupting the CPU. 


5- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in 
the SCC by overlapping the larger 
pattern across multple incoming syn- 
chronous characters. 


The CRC checking for synchronous 
byte-oriented modes is delayed by one 
character time so that the CPU may 
disable CRC checking on specific 
Characters. This permits the impie- 
mentation of such protocols as IBM 
Bisync. 

Both CRC-16 (X16 4 X15 4X24 1) and 
CCITT (X16 + X12. 4. X54 1) error 
checking polynomials are supported. 
Either polynomial may be selected in 
all Synchronous modes. Users may 
preset the CRC generator and checker 
to all ones or all zeros. The SCC also 
pro-vides a feature that automatically 
transmits CRC data when no other data 
is available for transmission. This 
allows for high-speed transmissions 
under DMA control, with no need for 
CPU intervention at the end of a mes- 
sage. When there is no data or CRC to 
send in synchronous modes, the 
transmitter inserts 6-, 8-, or 16-bit 
synchronous characters, regardless 

of the programmed character length. 


The SCC supports synchronous bit- 
oriented protocols, such as SDLC and 
HDLC, by performing automatic flag 
sending, zero insertion, and CRC gen- 
eration. Aspecial command can be 
used to abort a frame in transmission. 
At the end of amessage, the SCC 
automatically transmits the CRC and 
trailing flag when the transmitter un- 
derruns. The transmitter may also be 
programmed to send an idle line con- 
sisting of continuous flag characters 
ora steady marking condition. 


If a transmit underrun occurs in the 
middle of a message, an external/sta- 
tus interrupt warns the CPU of this 
status change so that an abort may 

be issued. The SCC may also be 
programmed to send an abort itself in 
case of an underrun, relieving the CPU 
of this task. One to eight bits per 
character can be sent, allowing recep- 
tion of a message with no prior infor- 
mation about the character structure in 
the information field of a frame. 
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The receiver automatically acquires 
synchronization on the leading flag of 
a frame in SDLC or HDLC and provides 
a synchronization signal on the SYNC 
pin (an interrupt can also be pro- 
grammed). The receiver can be 
programmed to search for frames 
addressed by a single byte (or four 
bits within a byte) of a user-selected 
address oF tc a globa! broadcast 
address. In this mode, frames not 
matching either the user-selected or 
broadcast address are ignored. The 
number of address bytes can be ex- 
tended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on 
every character, or on special con- 
dition only (end-of-frame) can be 
selected. The receiver automatically 
deletes all zeros inserted bythe — 
transmitter during character assembly. 
The CRC is also calculated and is 
automatically checked to validate 
frame transmission. At the end of 
transmission, the status of a received 
frame is availabe in the status 
registers. In SDLC mode, the SCC 
must be programmed to use the SDLC 
CRC polynomial, but the generator and 
checker may be preset to all ones or all 
zeros. 


The CRC is inverted before transmis- 
sion and the receiver checks against 
the bit pattern 0001110100001111. 


The NRZ, NRZI, or FM coding may be 
used in any 1x mode. The parity 
options available in asynchronous 
modes are available in synchronous 
modes. 


The SCC can be conveniently used 
under DMA control to provide high- 
speed reception or transmission. In 
reception, for example, the SCC can 
interrupt the CPU when the first 
character of a message is received. 
The CPU then enables the DMA to 
transfer the message to memory. The 
SCC then issues an end-of-frame 
interrupt and the CPU can check the 
status of the received messsage. 
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Thus, the CPU is freed for other 
service while the message is being 
received. The CPU may also enable 
the DMA first and have the SCC in- 
terrupt only on end-of-frame. This 
procedure allows all data to be trans- 
ferred via the DMA. 


SDLC LOOP MODE | 
The SCC supports SDLC loop mode in 
addition to normal SDLC. Inan SDLC 
loop, there is a primary controller sta- 
tion that manages the message traffic 
flow on the loop and any number of 
secondary stations. In SDLC loop 
mode, the SCC performs the functions 
of asecondary station while an SCC 
operating in regular SDLC mode can 
act as a controller (Figure 3). 


Asecondary station inanSDLC Loop . 


is always listening to the messages 
being sent around the loop, and in fact 
must pass these messages to the rest 


of the loop by retransmitting them with | 


a one-bit time delay. The secondary 
station can place its own message on 
the loop only at specific times. The 
controller signals that secondary sta- 
tions may transmit messages by 
sending a special character, called an 
End Of Poll (EOP), around the loop. 
The EOP character is the bit pattern 
11111110. Because of zero insertion 
during messages, this bit pattern is 
unique and easily recognized. 


When a secondary station has a mes- 
sage to transmit and recognizes an 
EOP on the line, it changes the last 
binary 1 of the EOP to a0 before trans- 
mission. This has the effect of turning 
the EOP into a flag sequence. The 
secondary station now places its 
message on the loop and terminates 
the message with an EOP. Any sec- 


ondary stations further down the loop | 


with messages to transmit can then 
append their messages to the 
message of the first secondary 
station without messages to send 
merely echo the incoming messages 
and are prohibited from.placing 
messages on the loop (except upon 
recognizing an EOP). 

The SDLC loop mode is a 
programmable option in the SCC. 


NRZ, NRZI, and FM coding may allbe | 


used in SDLC Loop mode. 


BAUD RATE GENERATOR 

Each channel in the SCC contains a 
programmable baud rate generator. 
Each generator consists of two 8-bit 
time-constant registers that form a 16- 
bit time constant, a 16-bit down: 
counter, and a flip-flop on the output 
producing a square wave. On startup, 
the flip-flop on the output is setina | 
HIGH state, the value in the time 
constant register is loaded into the 
counter, and the counter starts.count- 
ing down. The output of the baud 
generator toggles upon reaching 0, 
the value in the time constant register 
is loaded into the counter, and the 


process is repeated. The time — 
constant may be changed at any time, 
but the new value does not take effect 
until the next load of the counter. 


The output of the baud rate generator 
may be used as either the transmit 
clock, the receive clock, or both. It 
can also drive the digital phase-locked 
loop (see next section). 


If the receive clock or transmit clock is 
not programmed to come from the . 
TRxC pin, the output of the baud rate 
generator may be echoed out via the 
TRxC pin. | 


The following formula relates the time 
constant to the baud rate (the baud 
rate is in bits/second and BR clock 
period is in seconds): 


baud rate =. | 
ee a eee 
2 (time constant+2) x (BR clock period) 


DIGITAL PHASE-LOCKED 

LOOP 

The SCC contains a digital phase- 
locked-loop (DPLL) to recover clock 
information from a data stream with 
NRZI or FM encoding. The DPLL is 
driven by aclock that is nominally 32 
(NRZ1) or 16 (FM) times the data rate. 
The DPLL uses this clock, along with 
the data stream, to construct a clock 
for the data. This clock may then be 
used as the SCC receive clock, the 
transmit clock, or both. 


FIGURE 2. DETECTING 5- OR 7-BIT SYNCHRONOUS CHARACTERS 


5 BITS. 


+o 
a 


_ e+ 
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SECONDARY #1 
SECONDARY #2 


FIGURE 3. AN SDLC LOOP | 


‘CONTROLLER 


For NRZI encoding, the DPLL counts 
the 32x clock to create nominal bit 
times. As the 32x clock is counted, 
the DPLL is searching the incoming 
data stream for edges (either 1 to O or 
Oto 1). Whenever an edge is de- 
tected, the DPLL makes acount 
adjustment (during the next counting 
cycle), producing a terminal count 
closer te the center cf the bit cell. 
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For FM encoding, the DPLL still counts 
from 0 to 31, but with a cycle corres- 
ponding to two bit times. When the 
DPLL is locked, the clock edges in the 
data stream should occur between 
counts 15 and 16, and between counts 
31 and 0. The DPLL looks for edges 
only during a time centered on the 15 
to 16 counting transition. 


The 32x clock for the DPLL can be 
programmed to come from either the 
RTxC input or the output of the baud 
rate generator. The DPLL output may 
be programmed to be echoed out of the 
SCC via the TRxC pin (if this pin is not 
being used as an input). 


DATA ENCODING 

The SCC may be programmed to en- 
code and decode the serial data in four 
different ways (Figure 4). In NRZ en- 
coding, a 1 is represented by a HIGH 
level and aO is represented by a LOW 
level. In NRZI encoding, a 1 is repre- 
sented by no change in level and a 0 is 
represented by a change in level. 


In FM1 (more properly, bi-phase mark), 
a transition occurs at the beginning of 
every bit cell. A 1 is represented by an 
additional transition at the center of 


no additional transition at the center 
of the bit cell. In FM@ (bi-phase 
space), atransition occurs at the 
beginning of every bit cell. AO is 
represented by an additional 
transition at the center of the bit cell, 
and a 1 is represented by no 
additional transition at the center of 
the bit cell. 

in addition io these four methods, ine 
SCC can be used to decode 
Manchester (bi-phase level) data by 
using the DPLL in the FM mode and 
programming the receiver for NRZ 
data. Manchester encoding always 
produces a transition at the center of 
the bit cell. If the transition is 0 to 1, 
the bit is a0. If the transition is 1 to 0, 
the bitis a1. 


AUTO ECHO AND LOCAL 
LOOPBACK 

The SCC is capable of automatically 
echoing everything it receives. This 
feature is useful mainly in asyn- 
chronous modes, but works in syn- 
chronous and SDLC modes as well. In 
auto echo mode, TxD is RxD. Auto 
Echo mode can be used with NRZI or 
FM encoding with no additional delay, 
because the data stream is not de- 
coded before retransmission. In auto 
echo mode, the CTS input is ignored 
as a transmitter enable (although 
transitions on this input can still 
cause interrupts if programmed to do 
so). Inthis mode, the transmitter is 
actually bypassed and the pro- 
grammer is responsible for disabling 
transmitter interrupts and 
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The SCC is also capable of local 
loopback. In this mode TxD is RxD, 
just as in auto echo mode. However, in 
local loopback mode, the internal 
transmit data is tied to the internal 
receive data and RxD is ignored 
(except to be echoed out via TxD). 
The CTS and DCD inputs are also ig- 
nored as transmit and receive enables. 
However, transitions on these inputs 
can still cause interrupts. Local 
Loopback works in asynchronous, 
synchronous and SDLC modes with 
NRZ, NRZI or FM coding of the data 
stream. | 


VO INTERFACE CAPABILITIES 
The SCC offers the choice of polling, 
interrupt (vectored or nonvectored), 
and block transfer modes to transfer 
data, status, and control information to 
and from the CPU. The block transfer 
mode can be implemented under CPU 
or DMA control. 


POLLING 

All interrupts are disabled. Three 
status registers in the SCC are auto- 
matically updated whenever any 
function is performed . For example, 
end-of-frame in SDLC mode sets a bit 
in one of these status registers. The 
idea behind polling is for the CPU to 
periodically read a status register until 
the register contents indicate the need 
for data to be transferred. Only one 
register needs to be read; depending 
on its contents, the CPU either writes 
data, reads data, or continues. Two 
bits in the register indicate the need for 
data transfer. 


the bit cell and a 0 is represented by Weloduest Oniranemit 
FIGURE 4. DATA ENCODING METHODS 
DATA 1 0 0 1 0 


NRZI \ / Nee 


MANCHESTER NAS Nf VS ~~ Naf 
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An alternative is a poll of the Interrupt 
Pending register to determine the 

source of an interrupt. The status for 
both channels resides in one register. 


INTERRUPTS 

When an SCC responds to an Interrupt 
Acknowledge signal (INTACK) from the 
CPU, an interrupt vector may be placed 
onthe data bus. This vector is written in 
Write Register 2 (WR2) and may be read 
in Read Register 2A (RR2A) or Read 
Register 2B (RR2B) (Figures 6 and 7). 


To speed interrupt response time, the 
SCC can modify three bits in this vector 
to indicate status. If the vector is read 
in Channel A, status is never included; 
if it is read in Channel B, status is 
always included. 


Each of the six sources of interrupts in 
the SCC (Transmit, Receive, and 
External/Status interrupts in both 
channels) has three bits associated with 
the interrupt source: Interrupt Pending 
(IP), Interrupt Under Service (IUS), and 
Interrupt Enable (IE). Operation of the 
IE bit is straightforward. If the IE bit is 
set for a given interrupt source, that 
source can request interrupts. The 
exception is when the MIE (Master 
Interrupt Enable) bit in WR9 is reset and 
no interrupts may be requested. The IE 
bits are write only. 


The other two bits are related to the 
interrupt priority chain (Figure 5). As a 
microprocessor peripheral, the SCC may 
request an interrupt only when no higher 
priority device is requesting one; é.g., 
when IEl is HIGH. If the device in 
question requests an interrupt, it pulls 


down INT. The CPU then responds with 
INTACK, and the interrupting device 
places the vector on the data bus. 


In the SCC, the IP bit signals a need for 
interrupt servicing. When an IP bitis 1 
and the IEI input is HIGH, the INT output 
is pulled LOW, requesting an interrupt. 
In the SCC, if the IE bit is not set by 
enabling interrupts, then the IP for that 
source can never be set. The IP bits are 
readable in RR3A. 


The IUS bits signal that an interrupt 
request is being serviced. If an IUS is 
set, all interrupt sources of lower priority 
in the SCC and external to the SCC are 
prevented from requesting interrupts. 
The internal interrupt sources are 
inhibited by the state of the internal 
daisy chain, while lower priority devices 
are inhibited by the IEO output of the 
SCC being pulled LOW and propagated 
to subsequent peripherals. An IUS bit is 
set during an interrupt acknowledge 
cycle if there are no higher priority 
devices requesting interrupts. 


There are three types of interrupts: 
transmit, receive, and external/status. 
Each interrupt type is enabled under 
program control with Channel A having 
higher priority than Channel B, and with 
receive, transmit, and external/status 
interrupts prioritized in that order within 
each channel. When the transmit 
interrupt is enabled, the CPU is 
interrupted when the transmit buffer 
becomes empty. (This implies that the 
transmitter must have had a data 
character written into it so that it can 
become empty.) When enabled, the 


receiver can interrupt the CPU in one of 


_ three ways: 


© On first receive character or special 


receive condition 


* Onall receive characters or special 
receive condition 


* Onspecial receive condition only 


Interrupt on first character or special 
condition and interrupt on special __- 
condition only are typically used with the 
block transfer mode. A special receive 
condition is one of the following: 
receiver overrun, framing error in 
asynchronous mode, end-of-frame in 
SDLC mode and, optionally, a parity 
error. The special receive condition 
interrupt is different from an ordinary — 
receive character interrupt only in that 
the status is placed in the vector during 
the interrupt acknowledge cycle. In 
interrupt on first receive character, an 
interrupt can occur from special receive 
conditions any time after the first 
receive character interrupt. 


The main function of the external/status 
interrupt is to monitor the signal 
transitions of the CTS, DCD, and SYNC 
pins; however, an external/status 
interrupt is also caused by a transmit 


-underrun condition, or a zero count in 


the baud rate generator, or by the 
detection of a break (asynchronous 
mode), Abort (SDLC mode) or EOP 
(SDLC loop made) sequence in the data 
stream. | 


FIGURE 5. INTERRUPT SCHEDULE 
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The interrupt caused by the abort or 
EOP has a special feature allowing the 
SCC to interrupt when the abort or EOP 
sequence is detected or terminated. 
This feature facilitates the proper 
termination of the current message, 
correct initialization of the next 
message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. in SDLC ioop mode, this feature 
allows secondary stations to recognize 
the wishes of the primary station to 


regain control of the loop during a poll 
sequence. 


CPU/DMA BLOCK TRANSFER 

The SCC provides a block transfer mode 
to accommodate CPU block transfer 
functions and DMA controllers. 

The block transfer mode uses the 
Wait/Request output in conjunction with 
the Wait/Request bits in WR1. The 
Wait/Request output can be defined 
under software control as a WAIT line in 
the CPU Block Transfer mode or as a 


REQUEST line in the DMA 
block bransfer mode. 


To aDMA controller, the SCC REQUEST 
output indicates that the SCC is ready to 
transfer data to or from memory. To the 
CPU, the WAIT line indicates that the 
SCC is not ready to transfer data, 
thereby requesting that the CPU extend 
the /O cycle. The DTR/REQUEST line 
allows full-duplex operation under DMA 
control. 


PROGRAMMING 


The SCC contains 13 write registers in 
each channel that are programmed by 
the system separately to configure the 
functional personality of the channels. 


In the SCC, register addressing is direct 
for the data registers only, which are 
selected by a HIGH on the D/C pin. In all 
other cases (with the exception of WRO 
and RRO), programming the write regis- 
ters requires two write operations and 
reading the read registers requires both 
a write and a read operation. The first 
write is to WRO and contains three bits 
that point to the selected register. The 
second write is the actual control word 
for the selected register, and if the 
second operation is read, the selected 

- read register is accessed. All of the 
registers in the SCC, including the data 
registers, may be accessed in this 
fashion. The pointer bits are auto- 
matically cleared after the read or write 
operation so that WRO (or RRO) is 
addressed again. 


The system program first issues a 
series of commands to initialize the 
basic mode of operation. This is 
followed by other commands to qualify 
conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of 
stop bits, and even or odd parity might 
be set first. Then the interrupt mode 
would be set, and, finally, receiver or 
trans-mitter enable. 


READ REGISTERS 


The SCC contains eight read registers 
(nine counting receive buffer RR8) in 
each channel. Four of these may be 
read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers 
(RR12 and RR13) may be read to learn 
the baud rate generator time constant. 
The RR2 contains either the unmodified 
interrupt vector (Channel A) or the 
vector modified by status information 
(Channel B). The RR3 contains the 
Interrupt Pending (IP) bits 


(Channel A). Figures 6 through 13 
show the formats for each read register. 


The status bits of RRO and RR1 are 
carefully grouped to simplify status 
monitoring; e.g., when the interrupt 
vector indicates a special receive 
Condition interrupt, all the appropriate 
error bits can be read from a single 
register (RR1). 


WRITE REGISTERS 


The SCC contains 13 write registers (14 
counting the WR8 transmit buffer) in 
each channel. These write registers are 
programmed separately to configure the 
functional personality of the channels. 

In addition, there are two registers (WR2 
and WR9) shared by the two channels 
that may be accessed through either of 
them; WR2 contains the interrupt vector 
for both channels, while WR9 contains 
the interrupt control bits. Figures 14 
through 28 show the format of each write 
register. 


TIMING 


The SCC generates internal control 
signals from WR and RD that are related 
to PCLK. Since PCLK has no phase 
relationship with WR and RD, the 
circuitry generating these internal 
control signals must provide time for 
metastable conditions to disappear. 
This gives rise to a recovery time related 
to PCLK. The recovery time applies only 
between bus transactions involving the 
SCC. The recovery time required for 
proper operation is specified from the 
rising edge of WR or RD in the first 
transaction involving the SCC, to the 
falling edge of WR or RD in the second 
transaction involving the SCC. This time 


must be at least six PCLK cycles plus 
200 ns. 


READ CYCLE TIMING 


Figure 29 illustrates Read cycle timing. 
Addresses on A/B and D/C and the 
status on INTACK must remain stable 
through the cycle. If CE falls after RD 
falls, or if it rises before RD rises, the 
effective RD is shortened. 


WRITE CYCLE TIMING 


Figure 30 illustrates Write cycle timing. 
Addresses on A/B and D/C and the 
status on INTACK must remain stable 
throughout the cycle. If CE falls after 
WR falls, or if it rises before WR rises, 


the effective WR is shortened. 


INTERRUPT ACKNOWLEDGE 
CYCLE TIMING 


Figure 31 illustrates Interrupt 
Acknowledge cycle timing. Between the 
time INTACK goes LOW and the falling 
edge of RD, the internal and external 
IEI/IEO daisy chains settle. If there is 

an interrupt pending in the SCC and IEI 
is HIGH when RD falls, the Acknowledge 
cycle is intended for the SCC. In this 
case, the SCC may be programmed to 
respond to RD LOW by placing its 
interrupt vector on DO-D7, and it then 
internally sets the appropriate Interrupt- 
Under-Service latch. 
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FIGURE 6. READ REGISTER 0° 
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FIGURE 7, READ REGISTER 1 
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RESIDUE CODE 1 
RESIDUE CODE 0 
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FIGURE 8. READ REGISTER 2 


Exo Ico Eo 


INTERRUPT VECTOR * 
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FIGURE 9. READ REGISTER 3 
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CHANNEL B Rx IP * 
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FIGURE 10. READ REGISTER 10 
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FIGURE 11. READ REGISTER 12 
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FIGURE 12. READ REGISTER 13 
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FIGURE 13. READ REGISTER 15 
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FIGURE 14. WRITE REGISTER 0 
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FIGURE 15. WRITE REGISTER 1 
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FIGURE 16. WRITE REGISTER 2 
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FIGURE 17. WRITE REGISTER 3 
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FIGURE 18. WRITE REGISTER 4 
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FIGURE 19. WRITE REGISTER 5 
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FIGURE 20. WRITE REGISTER 6 © 
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FIGURE 21. WRITE REGISTER 7 


SYNC6 

SYNC4 

SYNC14 

SYNC10 
1 


SYNC4 
SYNC4 
SYNC4 
SYNCO 
ADR4 


~ADR4 


[57] 6] 0s] D4] 03] 02] 01] 09] 


SYNCS5 - 

SYNC3 

SYNC13 

SYNCQ 
1 


SYNC3 

SYNC1 

SYNC11 

SYNC7 
1 


6-68 


SYNCO | 
SYNCO 
SYNCO 
1. 
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FIGURE 22. WRITE REGISTER 9 
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FIGURE 23. WRITE REGISTER 10 
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FIGURE 24. WRITE REGISTER 11 
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FIGURE 25. WRITE REGISTER 12 
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FIGURE 26. WRITE REGISTER 13 
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FIGURE 27. WRITE REGISTER 14 
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FIGURE 28. WRITE REGISTER 15 


SET NRZi MODE 


ne = ZERO COUNT IE 
DCD IE 
SYNC/HUNT IE 
CTSIE 
Tx UNDERRUN/EOM IE 


BREAK/ABORT IE 


Wis Viss30 


FIGURE 29. READ CYCLE TIMING 
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FIGURE 30. WRITE CYCLE TIMING 
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FIGURE 33. READ AND WRITE TIMING (SEE TABLE 1) 
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FIGURE 34. RESET TIMING (SEE TABLE 1) 
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TABLE 1. READ AND WRITE TIMING 


No.| Symbol Parameter | AMHz _ 6MHz 
1_|twecr | PoukLowwidn | t05_ | 2000 | 70 t000_| 
[TPC CPCLKRiseTime 8 
5 
5_|TsA(WR) sd AddresstoWRSetupTime ss | 80 
[ThA(WR) | AddresstoWRHoldTime =} 
Address to RD Setup Time ee ee ee || ae 
g nA(RD |AddressioRD Hold Time == 
OD ITsIA(PC) __sINTACKtoPCLKSetupTime =| oo ft 
11 |TsIA(WR)_____INTACKto WRSetupTime st 200 | tO 
12 |ThIA(WR) ds | INTACK to WR Hold Time ee ey eee ee een 
13 NTACK to RD Setup Time 200 [tO 
14 _|ThIA(RD) LINTACKto RD Hold Time tO 
[THIA(PC) LINTACKto PCLKHoldTime =} 100 | 00 | 
16 |TsCE1(WR) [CE LOWtoWRSetupTime | 
17. [ThCE(WR)__ICEtoWRHoldTime 
18 [TsCEh(WR) | CE HIGH to WR Setup Time LO ed Oa 
9 |TsCE1(RD) | CELOWto RD SetupTime =| 
Q |ThCE(RD) __s|CEtoRDHoldTime St 
21 |TsCEh(RD) ___| CE HIGH to RD Setup Time ae a a (a a 
TwRD1_ RD LOW Width 90 SO 
ITdRD(DRA) _ | RD to Read DataActiveDelay =| oT 
24 |TdRDr(DR) | RD to Read DataNotValidDelay | o | =| 
25 |TdRD1(DR) | RDtoReadDataValidDelay S| | 5 80 
26 |TARD(DRz) [RD toReadDataFloatDelay =| | Ot 
Read Data Valid Dela | 
28 |TwwRi_ CT WRLOWWidth = 90S 250, | 
29 [TsDW(WR)___|WriteDatatoWRSetupTime =} OT 
30 [ThDW(WR) | WriteDatatoWRHoldTime | 
31_|TawWR(W) Wo Wait ValidDelay 8200S 
32 |TdRD(W) | RD to Wait ValidDelay = 00S 
33 W/RE id De 7 eee Ge ee eee me 
34 Dio Wh i SS a A Fa 
| | 300 250 
+300 +250 
dPC(IN PCLK to INT Valid Dela ar Pa OO ae oar ue ls OO L || 
38 |TdIA(RD) _LINTACK to RD (Acknowledge) Delay _| 250. [| = ss} 250 S| 
39 |TwRDA_____|RD (Acknowledge) Width | 285 | 85 
40_|TdRDA(DR) __ IRD (Ack.) to Read Data Valid Delay | 190 eee RE 1: 
41 |TsIE(RDA) _JIEIto RD (Acknowledge) Setup Time_ | 120. [| = | 100 
42 |ThIENRDA) _IElto RD (Acknowledge)HoldTime | 0 | =| = =o | | 
43 | TAIEWIEO) J IEIto EO DelayTime 20100 
44 |TdPC(IEO) I PCLK to IEO Delay 5 
45 |TdRDA(INT) __|RDtoINT InactiveDelay =| 500 50S 
46 RD to WR Delay for No Reset ar eee ee |e ee 
47 |TdWRQ(RD) __|WRto RD DelayforNoReset_ ss} 30 | 8 
48 |TwRES | WRand RD Coincident LowforReset [ 250, [| | 250 
49 {Tre Valid Access Recovery Time (6TcPC (6TcPC 
1200 I 
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READ AND WRITE TIMING (NOTES) 


1. Units are in nanoseconds. 
2. Parameter does not apply to 


Interrupt Acknowledge transactions. 


3. Float delay is defined as the time 
required fora +0.5 V change at the 


4. Parameter applies only between 
transactions involving the SCC. 

5. Open-drain output, measured with 
open-drain test load. 

6. Parameter is system dependent. For 
any SCC in the daisy chain, 


VL8530 


TdlAi(RD) must be greater than the 
sum of TdPC(IEO) for the highest 
priority device in the daisy chain, 
TslIEI(RDA) for the SCC, and 
TdIEIf(IEO) for each device 
separating them in the daisy chain. 


output with a maximum dc load and 
minimum ac load. 


FIGURE 36. INTERRUPT ACKNOWLEDGE TIMING (SEE TABLE 1) 
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FIGURE 37. GENERAL TIMING (SEE TABLE 2) 
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TABLE 2. GENERAL TIMING 
No. | Symbol Parameter | AMHz | Mz 
1 _|TdPC(REQ CLK to W/REQ Valid Dela ee ee ee es ee 
dPC(V PCLK to Wait Inactive Dela | ld 50ST C—CidSC ONC 
3 | Ts RXC(PC) RxC to PCLK Setup Time oe TwPC1 TwPC1 2,5 
PCLK + 4 Case Onl 
a TTsRXD/BXCN RxD to RxG Setup Time (X1 Mode) iS ae ae es a ae ee ee 
5 _ | ThRXD(RXCr RxD to RxC Hold Time (X1 Mode 150 Z 
6__| TsRXD(RXCt RxD to RxC Setup Time (X1 Mode ar eae ne ee ee Ee 
7__| ThRXD(RXCF RxD to RxC Hold Time (X1 Mode (SEs (a: CS Ot RE Ba -1 
8 | TsSY(RXC SYNC to RxG Setup Time | .200 | =| -200 | =f 42 
9 | ThSY(RXC) SYNC toRxC Hold Time 3TcPC a 3TcPC a 
OO OO 4 
10_|TsTXC(PC TxC to PCLK Setup Time er ea a ee ee ee = 
11 |TdTXCHTXD TxG to TxD Delay (X1 Mode ee (| ee ee 
12 |TdTXCr(TXD TxG to TxD Delay (X1 Mode YT 00——isdEts—i“‘iL:SCi OC 8S 
Td IXD(TRX) __ TxD to TRxG Delay (Send Clock Echa Eo -1) 
14_|TwRTXh RTxC HIGH Width | i809 | | 480 | #2; 7 
15 |TwRTxI RTxC LOW Width | iso | | 10 | ° &4|| 7 
16 |TcRTX RTxC Cycle Time | 400 | | 40 | <j 7 
18 _|TwIRXh AXC HIGH Width | i180 | =] 80ST r—“‘i*drYC(<;e 
19 [TwTRX! TRxC LOW Width | i180 | = | 180—COr | CT 
20 [TcTRX TRxG Cycle Time | 400 | | 400 | | 47 
21 |TwEXxT DGD or GTS Pulse Width es ee ee ae eee 
TABLE 3. SYSTEM TIMING 
1 [TARXC(REQ) —_|[AxC to WAEO Valid Delay ee ee ee 
2 _|TdRXC(W) XC to Wait Inactive Delay | 8 | 2 | 8 | 2 | 12 
3 _[rdRXc(sy) FXG to SYNC Valid Delay 2 
4__|féRXc(NT) _|[AxCto INT Valid Delay 1,2 
5 fraTxc(REQ) _| TC to WWHFTEG Valid Delay fos | os | 5s | 8 | 2 
6 fraTxcww __[FxCto Wait Inactive Delay tee ie ee 
7_herxc(org _|FRCto OTFPED Valid Delay 3 
8 dTXC(INT TxC to INT Valid Dela ae oe ee 1,3 
9 frésvant) _ [SYNC Transition to INT Valid Delay Soe ee, soe ae ad 
10 |TdEXT(INT BCD or CTS Transition to INT Valid Dela ; ote. we et { 
General and System Timing Notes: ' 4, Both TrxC and SYNC have 30 pF 6. Parameter applies only to FM 
1. Open-drain output, measured with capacitors to ground connected to encoding/decoding. 
epenralaln lest eG: ene 7. Parameter applies only for trans- 
2. Rx is RTXT or TRXC, whichever is 5. Parameter applies only if the data mitter and receiver; DPLL and baud 
supplying the transmit clock. rate is one-fourth the PCLK rate. rate generator timing requirements 
aes | eee eee, oa. In all other cases, no phase are identical to chip PCLK 
3. TxC is TRxC or RIX, whichever is relationship between RxC and PCLK requirements. 
supplying the transmit clock. or TxC and PCLK is required. 


Units are in nanoseconds 
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(ns). 


Willa VL8530 


FIGURE 38. SYSTEM TIMING (SEE TABLE 3) 
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ABSOLUTE MAXIMUM RATINGS 


Voltages on all pins -0.3V to + 7.0V Stresses above those listed under those listed on the operational 

with respect to GND "Absolute Maximum Ratings” may sections of this specification is not 
cause permanent damage to the implied and exposure to absolute 

Operating Ambient 0°C to 70°C device. These are stress ratings only. maximum ratings conditions for 

Temperature Functional operation of this device at extended periods may affect device 
these or any other conditions above reliability. 


Storage Temperature -65°C to + 150°C 


STANDARD TEST 
CONDITIONS 


The de characteristics and capacitance 21K 
section below apply for the following 
standard test conditions, unless other- 
wise noted. All voltages are referenced 
to GND. Positive current flows into the 
referenced pin. 
Standard conditions are as follows: 100pf 
° 44.75 V<Vec<+5.25V 
* GND=OV 
* TA as specified in Ordering 
Information 


2.2K 


FROM OUTPUT 
UNDER TEST 


L 50 pi 


DC CHARACTERISTICS: vcc =5v+5%, TA =0°C to 70°C 


Symbol Parameter min | Max | unit | Conditions 

VIH Input High Voltage 
VIL Input Low Voltage -0.3 ee ee 
VOH Ouput High Voltage _ 24 fo V lou = -250 A 
VOL Output Low Voltage A loH =+2.0 mA ; 
HL Input Leakage | jstoo | pA 0.4V<Vins+2.4V _ 
IOL Output Leakage a ae pA 


CAPACITANCE: 1a =0°c to 70°C, f= 1 MHz 


Symbol | Parameter 


Unit Conditions 


CIN Input Capacitance 


© 


COU Output Capacitance 


CI/O Bidirectional Capacitance 


Nh 
(o>) 


= — 
oO 
x2) ae) 


F 
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VL85C35 
ENHANCED SERIAL COMMUNICATIONS CONTROLLER (ESCC) 


FEATURES DESCRIPTION 
* Enhanced SCC functions support The VL85C35 CMOS Enhanced Serial The ESCC handles asynchronous for- 
DMA: Communications Controller (ESCC) is mats, such synchronous byte-oriented 
— 14-bit byte counter a dual-channel, multi-protocol data protocols as IBM Bisync and 
— 19- bit-wide FIFO communications peripheral designed synchronous bit-oriented protocols as 
- Completely downward-compatible for use with non-multiplexed buses. HDLC and IBM SDLC. This versatile 
with the NMOS 8530 The ESCC can be software-configured device supports virtually any 
* Two independent full-duplex to satisfy a wide variety of serial serial data transfer application 
channeis communications applications. The (cassette, diskette, tape drives, etc.), 
* Programmable clock factor device contains a variety of new, neCING cts 
; sophisticated internal functions, The device can generate and check 
* Break generation and error detect including all of the features of the CRC codes in any synchronous mode 
¢ Intelligent SDLC/HDLC NMOS 8530. In addition, the VL85C35 and can be programmed to check data 
* Local loopback and auto echo Enhanced SCC contains a 10 X 19-bit integrity in various modes. The ESCC 
modes FIFO array and 14-bit byte counter. also has facilities for modem controls 
; These features, in addition to the new in both channels, in addition to its Byte - 
ibedebnhetedige aaa higher clock frequency capabilities, Counting Register, and FIFO in SDLC 
allow the ESSC to be used with a mode. 
* Low power consuming CMOS direct memory access (DMA) 
controller. 
PIN DIAGRAM BLOCK DIAGRAM 
doass ee ES ne en 
A 
1 DO — SUT MESUEST 
D4 BE RS} Seen Coils 
| 7 — 
| a 
6 WR 10X19 
: Ae pata < E_ . & 14817 BYTE 
9 De contRoL¢ “E- > Bust0 oe 
GND __ 
W/REQB Paes ; DISCRETE ly 
SYNCB sce =r ES Spare, 
RxDB 
TRxCB =P SERIAL DATA 
TxDB +5V GND PCLK CHANNEL B [oP “bCHANNEL CLocks 
ST REOE [BAUD RATE > 
RISB B 
CTSB 
| DCDB 


ORDER INFORMATION 

Number Frequency Package | 
VL85C35-04PC | Plastic DIP 

VL85C35-04QC 4 MHz Plastic Leaded Chip Carrier 
VL85C35-04CC Ceramic DIP 
VL85C35-06PC Plastic DIP < 
VL85C35-06QC 6 MHz Plastic Leaded Chip Carrier 
VL85C35-06CC — Ceramic DIP 
VL85C35-10PC Plastic DIP 

VL85C35-10QC 10 MHz Plastic Leaded Chip Carrier 
VL85C35-10CC Ceramic DIP 


Note: Operating temperature range: 0°C to +70°C. 
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PIN DIAGRAM 


DIRREOA CTSA PCLK CTSB DIRAEOB 


SIGNAL DESCRIPTIONS 


Signal DIP Pin Signal 

Name Number Description 

A/B 34 Channel A/Channel B Select input - This signal selects the channel on which the read or 
write operation occurs. 

CE 33 Chip Enable Active-LOW input - Selects the ESCC for a read or write operation. - | 

CTSA, 18 Clear To Send Active-LOW inputs - If these pins are programmed as auto enables, a LOW 

CTSB 22 on the inputs enables the respective transmitters. If not programmed as auto enables, ' 
they may be used as general-purpose inputs. Both inputs are Schmitt-trigger buffered to. 
accommodate slow rise-time inputs. The ESCC detects pulses on | these inputs and can 
interrupt the CPU on both logic level transitions. 

D/C 32 Data/Control Select input - This signal defines the type of information transferred to or 

? from the ESCC. A HIGH means data is transferred; a LOW indicates a command. 
DCDA, 19 Data Carrier Detect Active-LOW inputs - These pins function as receiver enables if they 
C 21 are programmed for auto enables; otherwise, they may be used as general-purpose input 
pins. Both pins are Schmitt-trigger buffered to accomodate slow rise-time signals. The 
ESCC detects pulses on these pins and can interrupt the CPU on both logic level 
| . transitions. | 
D0-D7 —40,1,39,2,38, Data Bus, bidirectional three-state - These lines carry data and commands to and from the 
— 3,37,4 ESCC. | | 

DTR/REQA 16, Data Terminal Ready/Request Active-LOW outputs - These outputs follow the state pro- 

DTR/REQB 24 grammed into the DTR bit. They can also be used as general-purpose outputs or as 
request lines for a DMA controller. 

IEI 7 Interrupt Enable In Active-HIGH input - IE] is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt-driven device. A HIGH IEI indicates that no 
other higher priority device has an interrupt under service or is requesting an interrupt. 
Interrupt Enable Out Active-HIGH output - IEO is HIGH only if IEl is HIGH and the CPU is 

IEO 6 


not servicing an ESCC interrupt or the ESCC is not requesting an interrupt (Interrupt 


_ Acknowledge cycle only). IEO is connected to the next lower priority device's IEI input, 


and thus inhibits interrupts from lower priority devices. 
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SIGNAL DESCRIPTIONS 


Signal 
Name 


INT 


INTACK 


PCLK 


SYNCA, 
SYNCB 


WR 


W/REQA, 
W/REGB 


DIP Pin 
Number 


5 


20 


36 


13, 
27 


12, 
28 


17, 
23 


11, 
29 


15, 
25 


14, 
26 


35 


10, 
30 


Signal 
Description 


Interrupt Request Active-LOW open-drain ouput- This signal is activated when the ESCC 
requests an interrupt. 


Interrupt Acknowledge Active-LOW input - This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the ESCC interrupt daisy-chain settles. When RD 
becomes active, the ESCC places an interrupt vector on the data bus (if IEI is High). 
INTACK is latched by the rising edge of PCLK. 


Clock input - This is the master ESCC clock used to synchronize internal signals. PCLK is 
a TTL-level signal. 


Read Active-LOW input - This signal indicates a read operation and, when the ESCC is 
selected, enables the ESCC's bus drivers. During the Interrupt Acknowledge cycle, this 
signal gates the interrupt vector onto the bus if the SCC is the highest priority device 
requesting an interrupt. 


Receive Data Active-HIGH inputs - These input signals receive serial data at standard TTL 
levels. 


Receive/Transmit Clocks Active-LOW inputs- These pins can be programmed in several 
different modes of operation. In each channel, RTxC may supply the receive clock, the 
transmit clock, the clock for the baud rate generator, or the clock for the Digital Phase- 
Locked Loop. These pins can also be programmed for use with the respective SYNC pins 
as acrystal oscillator. The receive clock may be 1, 16, 32, or 64 times the data rate in 
asynchronous modes. 


Request To Send Active-LOW outputs - When the RTS bit in Write Register 5 (Figure 19) is 
set, the RTS signal goes LOW. When the RTS bit is reset in the asynchronous mode and 
Auto Enable is on, the signal goes HIGH after the transmitter is empty. In Synchronous 
mode or in Asynchronous mode with Auto Enable off, the RTS pin strictly follows the state 
of the RTS bit. Both pins can be used as general-purpose outputs. 


Synchronization Active-LOW inputs or outputs - These pins can act either as inputs or 
outputs, or as part of the crystal oscillator circuit. In the Asynchronous Receive mode 
(crystal oscillator option not selected), these pins are inputs similar to CTS and DCD. In 
this mode, transitions on these lines affect the state of the Synch ronous/Hunt status bits 
in Read Register 0 (Figure 6) but have no other function. 


In External Synchronization mode with the crystal oscillator not selected, these lines also 
act as inputs. In this mode, SYNC must be driven LOW to receive clock cycles after the 
last bit in the synchronous character is received. Character assembly begins on the 
rising edge of the receive clock immediately preceding the activation of SYNC. 


In the Internal Synchronization mode (Monosync and Bisync) with the crystal oscillator 
not selected, these pins act as outputs and are active only during the part of the receive 
clock cycle in which synchronous characters are recognized. The synchronous condi- 
tion is not latched, so these outputs are active each time a synchronization pattern is 
recognized (regardless of character boundaries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 


Transmit Data Active-HIGH outputs - These output signals transmit serial data at standard 
TTL levels. 


Transmit/Receive Clocks Active-LOW inputs or outputs - These pins can be programmed 
in several different modes of operation. The TRxC may supply the receive clock or the 
transmit clock in the input mode or supply the output of the Digital Phase-Locked Loop, 
the crystal oscillator, the baud rate generator, or the transmit clock in the output mode. 


Write Active-LOW input) - When the ESCC is selected, this signal indicates a write 
operation. The coincidence of RD and WR is interpreted as a reset. 


Wait/Request outputs: open-drain when programmed for a wait function, driven HIGH or 
LOW when programmed for a request function - These dual-purpose outputs may be 
programmed as request lines for a DMA controller or as wait lines to synchronize the CPU 
to the ESCC data rate. The reset state is wait. 
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FUNCTIONAL | offers such valuable features as vec- chronous data communication protocol. 


tored interrupts, polling, and simple Figure 1 and the following description 
ail an sof the ESCC handshake eeebii | briefly detail these protocols. 
can be described from two different _ DATA COMMUNICATIONS = Asynchronous Modes - Transmission 
points of view. As a data communi- _ CAPABILITY | 3 and reception can be accomplished 
cations device, it transmits and The ESCC provides two independent full- independently on each channel with 5 to 
receives data in a wide variety of data duplex channels programmable for use 8 bits per character, plus optional 
communications protocols. As a in any common asynchronous or syn- | 
microprocessor peripheral, the ESCC 
FIGURE 1. SCC PROTOCOLS 

PARITY 
START STOP 


MARKING LINE | DATA | | a | DATA | | MARKING LINE 


ASYNCHRONOUS 
SYNC _ DATA -— DATA CRC2 
— _ MONOSYNC | 
SYNC SYNC DATA ie DATA CRC1 CRC2 
BISYNC 


= ° DATA aa DATA | CRCI CRC2 


EXTERNAL SYNC 


SDLC/HDLC/X.25 
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even or odd parity. The transmitters 
can Supply one, 1, 1 1/2, or 2 stop bits 
per character and can provide a break 
output at any time. The receiver break- 
detection logic interrupts the CPU both 
at the start and at the end of a 
received break. Reception is 
protected from spikes by a transient 
spike-rejection mechanism that 
checks the signal one-half a bit time 
after a LOW level is detected on the 
receive data input (RxDA or RxDB). If 
the LOW does not persist (as in the 
case of a transient), the character 
assembly process does not start. 


Framing errors and overrun errors are 
detected and buffered together with 
the partial character on which they 
occur. Vectored interrupts allow fast 
servicing or error conditions using 
dedicated routines. Furthermore, a 
built-in checking process avoids the 
interpretation of a framing error as a 
new start bit: a framing error results in 
the addition of one-half a bit time to the 
point at which the search for the next 
start bit begins. 


The ESCC does not require symmetric 
transmit and receive clock signals 

a feature allowing use of the wide vari- 
ety of clock sources. The transmitter 
and receiver can handle data at a rate 
of 1, 1/16, 1/32, or 1/64 of the clock 
rate supplied to the receive and trans- 
mit clock inputs. In asynchronous © 
modes, the SYNC pin may be pro- 
grammed as an input used for such 
functions as monitoring a ring 
indicator. 


Synchronous Modes. The ESCC 
supports both byte-oriented and bit- 
oriented synchronous communication. 
Synchronous byte-oriented protocols 
can be handled in several modes, al- 
lowing character synchronization with 
a 6-bit or 8-bit synchronous character 
(Monosync), any 12-bit synchroni- 
Zation pattern (Bisync), or with an 
external synchronous signal. Leading 
sync characters can be removed 
without interrupting the CPU. 


Any 5- or 7-bit synchronous 
characters are detected with 8- or 16- 
bit patterns in the ESCC by 
overlapping the larger pattern across 
multple incoming syn-chronous 
characters. 


The CRC checking for synchronous 
byte-oriented modes is delayed by one 
character time, so that the CPU may 
disable CRC checking on specific 
characters. This permits the imple- 
mentation of such protocols as IBM 
Bisync. 

Both CRC-16 (X18 4. X154X2 4 1) and 
CCITT (X16 + X124. X54. 1) error 
checking polynomials are supported. 
Either polynomial may be selected in 
all Synchronous modes. Users may 
preset the CRC generator and checker 
to all ones or all zeros. The SCC also 
pro-vides a feature that automatically 
transmits CRC data when no other data 
is available for transmission. This 
allows for high-speed transmissions 
under DMA control, with no need for 
CPU intervention at the end of a mes- 
sage. When there is no data or CRC to 
send in synchronous modes, the 
transmitter inserts 6-, 8-, or 16-bit 
synchronous characters, regardless 

of the programmed character length. 


The ESCC supports synchronous bit- 
oriented protocols, such as SDLC and 
HDLC, by performing automatic flag 
sending, zero insertion, and CRC gen- 
eration. A special command can be 
used to abort a frame in transmission. 
At the end of a message, the ESCC 
automatically transmits the CRC and 
trailing flag when the transmitter un- 
derruns. The transmitter may also be 
programmed to send an idle line con- 
sisting of continuous flag characters 
ora steady marking condition. 


If a transmit underrun occurs in the 
middle of a message, an external/sta- 
tus interrupt warns the CPU of this 
status change so that an abort may 

be issued. The ESCC may also be 
programmed to send an abort itself in 
case of an underrun, relieving the CPU 
of this task. One to eight bits per 
character can be sent, allowing recep- 
tion of a message with no prior infor- 


' mation about the character structure in 
the information field of a frame. 


VL85C35 i 


The receiver automatically acquires 
synchronization on the leading flag of 
a frame in SDLC or HDLC and provides 
a synchronization signal on the SYNC 
pin (an interrupt can also be pro- 
grammed). The receiver can be 
programmed to search for frames 
addressed by a single byte (or four 
bits within a byte) of a user-selected 
address or to a global broadcast 
address. In this mode, frames not 
matching either the user-selected or 
broadcast address are ignored. The 
number of address bytes can be ex- 
tended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on 
every character, or on special con- 
dition only (end-of-frame) can be 
selected. The receiver automatically 
deletes all zeros inserted by the 
transmitter during character assembly. 
The CRC is also calculated and is 
automatically checked to validate 
frame transmission. At the end of 
transmission, the status of a received 
frame is availabe in the status 
registers. In SDLC mode, the ESCC 
must be programmed to use the SDLC 
CRC polynomial, but the generator and 
checker may be preset to all ones or all 
zeros. 


The CRC is inverted before transmis- 
sion and the receiver checks against 
the bit pattern 0001110100001111. 


The NRZ, NRZI or FM coding may be 
used in any 1x mode. The parity 
options available in asynchronous 
modes are available in synchronous 
modes. 


The ESCC can be conveniently used 
under DMA control to provide high- 
speed reception or transmission. In 
reception, for example, the ESCC can 
interrupt the CPU when the first 
character of a message is received. 
The CPU then enables the DMA to 
transfer the message to memory. The 
ESCC then issues an end-of-frame 
interrupt and the CPU can check the 
status of the received message. 
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Thus, the CPU is freed for other 
service while the message is being 
received. The CPU may also enable 
the DMA first and have the ESCC in- 
terrupt only on end-of-frame. This 
procedure allows all data to be trans- 
ferred via the DMA. | 


SDLC LOOP MODE 


The ESCC supports SDLC loop mode in 


addition to normal SDLC. In an SDLC 
loop, there is a primary controller 
station that manages the message 
traffic flow on the loop and any number 
of secondary stations. In SDLC loop 
mode, the ESCC performs the. 
functions of a secondary station while 
an ESCC operating in regular SDLC 


mode can act as acontroller (Figure 3). 


A secondary station in an SDLC Loop 
is always listening to the messages 
being sent around the loop, and in fact 
must pass these messages to the rest 
of the loop by retransmitting them with 
aone-bit time delay. The secondary 
station can place its own message on 
the loop only at specific times. The 
controller signals that secondary sta- 
tions may transmit messages by | 
sending a special character, called an 
End Of Poll (EOP), around the loop. 
The EOP character is the bit pattern 
11111110. Because of zero insertion 
during messages, this bit pattern is 
unique and easily recognized. 


When a secondary station has a mes-- 


sage to transmit and recognizes an — 
EOP on the line, it changes the last 


binary 1 of the EOP to a0 before trans- © 


mission. This has the effect of turning 
the EOP into a flag sequence. The 
secondary station now places its 
message on the loop and terminates 
the message with an EOP. Any sec- 
ondary stations, further down the loop 
with messages to transmit, can then 
append their messages to the 
message of the first secondary 

station without messages to send. 
The following stations merely echo the 
incoming messages and are » 
prohibited from placing messages on 
the loop (except upon recognizing an 
EOP). The SDLC loop mode is a 
programmable option in the ESCC; 
NRZ, NRZI, and FM coding may all be 
used in SDLC Loop mode. 


BAUD RATE GENERATOR 

Each channel in the ESCC contains a 
programmable baud rate generator. 
Each generator consists of two 8-bit 
time constant registers that form a 16- 
bit time-constant, a 16-bit down 
counter, and a flip-flop on the output 
producing a square wave. On startup, 
the flip-flop on the output issetina 
HIGH state, the value in the time- 
constant register is loaded into the 
counter, and the counter starts count-. 
ing down. The output of the baud rate 
generator toggles upon reaching 0, 
the value in the time-constant register 
is loaded into the counter, and the 


FIGURE 2. DETECTING 5- OR 7-BIT SYNCHRONOUS CHARACTERS 
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process is repeated. The time — 
constant may be changed at any time, 
but the new value does not take effect 
until the next load of the counter. 


The output of the baud rate generator 
may be used as either the transmit 
clock, the receive clock, or both. It 
can also drive the digital phase-locked 
loop (see next section). 


If the receive clock or transmit clock is 
not programmed to come from the 
TRxC pin, the output of the baud rate © 
generator may be echoed out via the 
TRxC pin. 


The following formula relates the time 
constant to the baud rate (the baud 
rate is in bits/second and BR clock 
period is in seconds): 


baud rate = 
_ 
2 (time constant+2) x (BR clock period) 


DIGITAL PHASE-LOCKED 

LOOP 

The ESCC contains a digital phase- 
locked-loop (DPLL) to recover clock 
information from a data stream with 
NRZI or FM encoding. The DPLL is 
driven by aclock that is nominally 32 
(NRZ1) or 16 (FM) times the data rate. 
The DPLL uses this clock, along with 
the data stream, to construct a clock 
for the data. This clock may then be 
used as the ESCC receive clock, the | 
transmit clock, or both. . 


FIGURE 3. AN SDLC LOOP 


CONTROLLER 


For NRZI encoding, the DPLL counts 
the 32x clock to create nominal bit 
times. As the 32x clock is counted, 
the DPLL is searching the incoming 
data stream for edges (either 1 to O or 
Oto 1). Whenever an edge is de- 
tected, the DPLL makes acount 
adjustment (during the next counting 
cycle), producing a terminal count 
closer to the center of the bit cell. 


For FM encoding, the DPLL still counts 
from 0 to 31, but with a cycle corres- 
ponding to two bit times. When the 
DPLL is locked, the clock edges in the 
data stream should occur between 
counts 15 and 16, and between counts 
31 and 0. The DPLL looks for edges 
only during a time centered on the 15 
to 16 counting transition. 


The 32x clock for the DPLL can be 
programmed to come from either the 
RTxC input or the output of the baud 
rate generator. The DPLL output may 
be programmed to be echoed out of the 
ESCC via the TRxC pin (if this pin is not 
being used as an input). 


DATA ENCODING 

The ESCC may be programmed to en- 
code and decode the serial data in four 
different ways (Figure 4). In NRZ en- 
coding, a 1 is represented by a HIGH 
level and a O is represented by a LOW 
level. In NRZI encoding, a 1 is repre- 
sented by no change in level and a 0 is 
represented by a change in level. 


In FM1 (more properly, bi-phase mark), a 


transition occurs at the beginning of 
every bit cell. A 1 is represented by 


FIGURE 4. DATA ENCODING METHODS 


DATA 


an additional transition at the center 
of the bit cell and a 0 is represented 
by no additional transition at the 
center of the bit cell. In FM@ (bi- 
phase space), a transition occurs at 
the beginning of every bit cell. AO is 
represented by an additional 
transition at the center of the bit cell,. 
and a 1 is represented by no 
additional transition at the center of 
the bit cell. 


In addition to these four methods, the 
ESCC can be used to decode 
Manchester (bi-phase level) data by 
using the DPLL in the FM mode and 
programming the receiver for NRZ 
data. Manchester encoding always 
produces a transition at the center of 
the bit cell. If the transition is 0 to 1, 
the bit is a0. If the transition is 1 to 0, 
the bit is a 1. 


AUTO ECHO AND LOCAL 
LOOPBACK 

The ESCC is capable of automatically 
echoing everything it receives. This 
feature is useful mainly in Asyn- 
chronous modes, but works in Syn- 
chronous and SDLC modes as well. In 
Auto Echo mode, TxD is RxD. Auto 
Echo mode can be used with NRZI or 
FM encoding with no additional delay, 
because the data.stream is not de- 
coded before retransmission. In Auto 
Echo mode, the CTS input is ignored 
as a transmitter enable (although 
transitions on this input can still 

cause interrupts if programmed to do 
so). In this mode, the transmitter is 
actually bypassed and the pro- 
grammer is responsible for disabling 


1 0 0 1 


VL85C35 V El 


transmitter interrupts and 
Wait/Request on transmit. 


The ESCC is also capable of local 
loopback. In this mode TxD is RxD, 
just as in auto echo mode. However, in 
local loopback mode, the internal 
transmit data is tied to the internal 
receive data and RxD is ignored 
(except to be echoed out via TxD). 
The CTS and DCD inputs are also ig- 
nored as transmit and receive enables. 
However, transitions on these inputs 
can still cause interrupts. Local 
loopback works in asynchronous, 
synchronous, and SDLC modes with 
NRZ, NRZI, or FM coding of the data 
stream. : 


I/O INTERFACE CAPABILITIES 
The ESCC offers the choice of polling, 
interrupt (vectored or nonvectored), 
and block transfer modes to transfer 
data, status, and control information to 
and from the CPU. The block transfer 
mode can be implemented under CPU 
or DMA control. 


POLLING 

All interrupts are disabled. Three 
status registers in the ESCC are auto- 
matically updated whenever any 
function is performed : For example, 
end-of-frame in SDLC mode sets a bit 
in one of these status registers. The 
idea behind polling is for the CPU to 
periodically read a status register until 
the register contents indicate the need — 
for data to be transferred. Only one 
register needs to be read; depending 
on its contents, the CPU either writes 
data, reads data, or continues. Two 
bits in the register indicate the need for 
data transfer. 


0 
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An alternative is a poll of the Interrupt 
Pending register to determine the 

source of an interrupt. The status for 
both channels resides in one register. 


INTERRUPTS | 

When an ESCC responds to an Interrupt 
Acknowledge signal (INTACK) from the 
CPU, an interrupt vector may be placed 
on the data bus. This vector is written in 
Write Register 2 (WR2) and may be read 
in Read Register 2A (RR2A) or Read 
Register 2B (RR2B) (Figures 8). 


To speed interrupt response time, the 
ESCC can modify three bits in this 
vector to indicate status. If the vector 
is read in Channel A, status is never 
included; if itis read in Channel B, 
status is always included. 


Each of the six sources of interrupts in 
the ESCC (Transmit, Receive, and 
External/Status interrupts in both . 
channels) has three bits associated with 
the interrupt source: Interrupt Pending 
(IP), Interrupt Under Service (IUS), and 
Interrupt Enable (IE). Operation of the 
IE bit is straightforward. If the IE bit is 
set for agiven interrupt source, that 
source can request interrupts. The 
exception is when the MIE (Master 
Interrupt Enable) bit in WR9Q is reset and 
no interrupts may be requested. The IE 
bits are write only. 


The other two bits are related to the 
interrupt priority chain (Figure 5). Asa 
microprocessor peripheral, the ESCC 
may request an interrupt only when no 
higher priority device is requesting one; 
e.g., when IEI is HIGH. Ifthe device in . 
question requests an interrupt, it pulls 


FIGURE 5. INTERRUPT SCHEDULE 


PERIPHERAL 
— +5V lEl DO-D7 INT INTACK IEO 


DO0-D7 


INTACK 


down INT. The CPU then responds with 
INTACK, and the interrupting device 
places the vector on the data bus. 


In the ESCC, the IP bit signals a need 
for interrupt servicing. When an IP bit is 
1 and the IEI input is HIGHh, the INT 
output is pulled LOW, requesting an 
interrupt. In the ESCC, if the IE bit is not 
set by enabling interrupts, then the IP 
for that source can never be set. The IP 
bits are readable in RR3A. 


The IUS bits signal that an interrupt 
request is being serviced. If an IUS is 
set, all interrupt sources of lower priority 
in the ESCC and external to the ESCC 
are prevented from requesting 
interrupts. The internal interrupt 
sources are inhibited by the state of the 
internal daisy chain, while lower priority 
devices are inhibited by the IEO output 
of the ESCC being pulled LOW and 
propagated to subsequent peripherals. 
An |US bit is set during an interrupt - 
acknowledge cycle if there are no higher 
priority devices requesting interrupts. 


There are three types of interrupts: 
transmit, receive, and external/status. 
Each interrupt type is enabled under 
program control with Channel A having 
higher priority than Channel B, and with 
receive, transmit, and external/status 
interrupts prioritized in that order within 
each channel. When the transmit 
interrupt is enabled, the CPU is 
interrupted when the transmit buffer 
becomes empty. (This implies that the 
transmitter must have had a data 
character written into it so that it can 
become empty.) When enabled, the 


PERIPHERAL 
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receiver can interrupt the CPU in one of 
three ways: 


* On first receive character or special 
receive condition — 


* Onall receive characters or special 
receive condition 


* Onspecial receive condition only. 


Interrupt on first character or special 
condition and interrupt on special 
condition only are typically used with the 
Block Transfer mode. A special receive 
condition is one of the following: 
receiver overrun, framing error in 
Asynchronous mode, end-of-frame in 
SDLC mode, and optionally, a parity 
error. The special receive condition 
interrupt is different from an ordinary 
receive character interrupt only in that 
the status is placed in the vector during 
the Interrupt Acknowledge cycle. In 
interrupt on first receive character, an 
interrupt can occur from special receive 
conditions any time after the first 
receive character interrupt. 


The main function of the external/status 
interrupt is to monitor the signal 
transitions of the CTS, DCD, and SYNC 
pins; however, an external/status 
interrupt is also caused by a transmit 
underrun condition, or a zero count in 
the baud rate generator, or by the 
detection of a break (asynchronous 
mode), abort (SDLC mode) or EOP 
(SDLC loop mode) sequence in the data 
stream. 


PERIPHERAL 
IEl DO-D7 INT INTACK 


i +5V 


The interrupt caused by the abort or 
EOP has a special feature allowing the 
ESCC to interrupt when the abort or EOP 
sequence is detected or terminated. 
This feature facilitates the proper 
termination of the current message, 
correct initialization of the next 
message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. 

In SDLC Loop mode, this feature allows 
secondary stations to recognize the 


need of the primary station to regain 
control of the loop during a poll 
sequence. 


CPU/DMA BLOCK TRANSFER 

The ESCC provides a Block Transfer 
mode to accommodate CPU block 
transfer functions and DMA controllers. 
The Block Transfer mode uses the 
Wait/Request output in conjunction with 
the Wait/Request bits in WR1i. Tne 
Wait/Request output can be defined 
under software control as a Wait line in 
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the CPU Block Transfer mode or as a 
Request line in the DMA Block Transfer 
mode. 


To a DMA controller, the ESCC 
Request output indicates that the ESCC 
is ready to transfer data to or from 
memory. To the CPU, the Wait line 
indicates that the ESCC is not ready to 
transfer data, thereby requesting that 
tne CPU extend the i/O cycie. Tne 
DTR/Reauest line allows full-duplex 
operation under DMA control. 


PROGRAMMING 


The ESCC contains 13 write registers in 
each channel that are programmed by 
the system separately to configure the 
functional personality of the channels. 


In the ESCC, register addressing is 
direct for the data registers only, which 
are selected by a HIGH on the D/C pin. 
In all other cases (with the exception of 
WRO and RRO), programming the write 
registers requires two write operations 
and reading the read registers requires 
both a write and a read operation. The 
first write is to WRO and contains three 
bits that point to the selected register. 
The second write is the actual control 
word for the selected register, and if the 
second operation is read, the selected 
read register is accessed. Allof the 
registers in the ESCC, including the data 
registers, may be accessed in this 
fashion. The pointer bits are auto- 
matically cleared after the read or write 
operation so that WRO ( or RRO) is 
addressed again. 


The system program first issues a 
series of commands to initialize the 
basic mode of operation. This is 
followed by other commands to qualify 
conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of 
stop bits, and even or odd parity might 
be set first. Then the interrupt mode 
would be set, and, finally, receiver or 
trans-mitter enable. 


READ REGISTERS 

The ESCC contains ten read registers 
(eleven counting receive buffer RR8) in 
each channel. Four of these may be 
read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers 
(RR12 and RR13) may be read to learn 
the baud rate generator time constant. 
The RR2 contains either the unmodified 
interrupt vector (Channel A) or the 
vector modified by status information 
(Channel B). Both RR7 and RR6 read the 
DMA FIFO. The RRS contains the 


Interrupt Pending (IP) bits (Channel A). 
Figures 6 through 13 and Figure 41 show 
the formats for each read register. 


The status bits of RRO and RR1 are 
carefully grouped to simplify status 
monitoring; e.g., when the interrupt 
vector indicates a special receive 
condition interrupt, all the appropriate 
error bits can be read from a single 
register (RR1). 


WRITE REGISTERS 

The ESCC contains 13 write registers 
(14 counting WR8, the transmit buffer) in 
each channel. These write registers are 
programmed separately to configure the 
functional personality of the channels. 

In addition, there are two registers (WR2 
and WR9) shared by the two channels 
that may be accessed through either of 
them; WR2 contains the interrupt vector 
for both channels, while WR9 contains 
the interrupt control bits. Figures 14 
through 28 and Figure 41 show the 
format of each write register. 


TIMING 


The ESCC generates internal control 
signals from WR and RD that are related 
to PCLK. Since PCLK has no phase 
relationship with WR and RD, the 
circuitry generating these internal 
control signals must provide time for 
metastable conditions to disappear. 

This gives rise to a recovery time related 
to PCLK. The recovery time applies only 
between bus transactions involving the 
ESCC. The recovery time required for 
proper operation is specified from the 
rising edge of WR or RD in the first 
transaction involving the SCC, to the 
falling edge of WR or RD in the second 
transaction involving the ESCC. This 


time must be at least four PCLK cycles 
plus 200 ns. 


READ CYCLE TIMING 

Figure 29 illustrates Read cycle timing. 
Addresses on A/B and D/C and the 
status on INTACK must remain stable 
through the cycle. If CE falls after RD 
falls or if itrises before RD rises, the 
effective RD is shortened. 


WRITE CYCLE TIMING 

Figure 30 illustrates Write cycle timing. 
Addresses on A/B and D/C and the 
status on INTACK must remain stable 
throughout the cycle. If CE falls after 
WR falls, or if it rises before WR rises, 
the effective WR is shortened. 


INTERRUPT ACKNOWLEDGE 
CYCLE TIMING 

Figure 31 illustrates Interrupt 
Acknowledge cycle timing. Between the 


time INTACK goes LOW and the falling 


edge of RD, the internal and external 
IEI/IEO daisy chains settle. If there is 

an interrupt pending in the ESCC and IEI 
is HIGH when RD falls, the Acknowledge 
cycle is intended for the ESCC. In this 
case, the ESCC may be programmed to 
respond to RD LOW by placing its 
interrupt vector on DO-D7 and itthen — 
internally sets the appropriate Interrupt- 
Under-Service latch. 
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EISUBE 6 READ REGISTERS FIGURE 10. READ REGISTER 10 


[p7Jos]os[o«os]o2] oi] 09] 53] ba]: 
[07] 06] Ds] 04] D3] D2] D1] bo] [p7] 6] 0s ]04 [3] 02] 1] 09) 


| L Rx CHARACTER AVAILABLE - | . | ‘ 

ZERO COUNT . 
ON LOOP 

Tx BUFFER EMPTY bn 

DCD . . : 
0 

_ SYNC/HUNT — LOOP SENDING 

cts : 
0 


, Tx UNDERRUN/EOM 
TWO CLOCKS MISSING 


BREAK/ABORT 


ONE CLOCK MISSING 


FIGURE 7. READ REGISTER 1 
FIGURE 11. READ REGISTER 12 


[o7[os[os]o4]os]o2]or[oo] [57] 6] 05d [3] 02] 07] 00] 


a ALL SENT 
| ao 
RESIDUE CODE 2 
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RESIDUE CODE 1 é 
es as TC2 
RESIDUE CODE 0 
. ™3 LOWER BYTE OF 
PARITY ERROR id TIME CONSTANT 
Rx OVERRUN ERROR . 
CRC/FRAMING ERROR von 
. TCs 


END OF FRAME (SDLC) 
TC7 


FIGURE 8. READ REGISTER 2 


| = "FIGURE 12. READ REGISTER 13 
[07] 06} os]o4[os]o2]01]oo) 
: f[b« [p7] 6] p5]o4] 03] p2]01] Do 


v4 | : | L TC8 
. - Tc9 = 18 
. . © INTERRUPT VECTOR * : TC10 
TO11 UPPER BYTE OF 
. TIME CONSTANT 
TC12 | 
| TC13 
. TC14 
* MODIFIED IN B CHANNEL poe | | 
TC15 


FIGURE 9.. READ REGISTER 3 
FIGURE 13. READ REGISTER 15 
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. CHANNEL B Tx IP * 9 
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, ~ CHANNEL A Rx IP * SYNC/HUNT IE 
e CTS IE 
_ | Tx UNDERRUN/EOM IE 
0 | 
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FIGURE 14. WRITE REGISTER 0 FIGURE 17. WRITE REGISTER 3 


071 Dé” 08,4] D3 D2" DI" DO [07] 0s] 95 }p4 ] D3] pa} 01] po} 


REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 6 
REGISTER 7 
REGISTER 8 
REGISTER 9 
REGISTER 10 
REGISTER 11 
REGISTER 12 
REGISTER 13 
[0] REGISTER 14 
Ta] 1] REGISTER 15 


NULL CODE 

POINT HIGH 

RESET EXT/STAT INTERRUPTS 

SEND ABORT (SDLC) 

ENABLE INT ON NEXT Rx CHARACTER 
RESET TxINT PENDING 

espera lala FIGURE 18. WRITE REGISTER 4 


RESET HIGHEST !US 


Rx ENABLE 
SYNC CHARACTER LOAD INHIBIT 


ADDRESS SEARCH MODE (SDLC} 
Rx CRC ENABLE 


LC ENTER HUNT MODE 
| AUTO ENABLES 


Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 


| O| O NULL CODE 

YO] 1 RESET Rx CRC CHECKER | 

rif 0 RESET Tx CRC GENERATOR PARITY ENABLE 

7 RESET Tx UNDERRUN/EOM LATCH 

* WITH POINT HIGH COMMAND PARITY EVEN/ODD 


| Of 0] SYNC MODES ENABLE 
TO] 1] 1 STOP BIT/CHARACTER 
| 4] 0} 1 1/2 STOP BITS/CHARACTER 


FIGURE 15. WRITE REGISTER 1 | 1] 1| 2STOP BITS/CHARACTER 


D7 D6 [ 07" bs" Ds D4] D3" D2" D1" Do. p4{D3_ D2 D1. DO 8 BIT SYNC CHARACATER 
16 BIT SYNC CHARACTER 
Lae EXT INT ENABLE | 110] SDLC MODE (01111110 FLAG) 
Tx INT ENABLE EXTERNAL SYNC MODE 
PARITY IS SPECIAL CONDITION 
Rx INT DISABLE | Of 0} X1 CLOCK MODE 
Rx INT ON FIRST CHARACTER OR SPCL.CONDITION Ol 1} X16 CLOCK MODE 
INT ON ALL Rx CHARACTERS OR SPCL.CONDITION ra] 0] x32 CLOCK MODE 
ay 1 


Rx INT ON SPECIAL CONDITION ONLY 
WAIT/DMA REQUEST ON RECEIVE/TRANS. Res CLOCK meee 


WAIT/DMA REQUEST FUNCTION 
WAIT/DMA REQUEST ENABLE 


FIGURE 19. WRITE REGISTER 5 


FIGURE 16. WRITE REGISTER 2 ele 


2 Vo RTS 
| V1 ‘SDLC/CRC - 16 
v2 Tx ENABLE 
V3 SEND BREAK 


INTERRUPT 
V4 VECTOR 
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| Oi] Tx 7 BITS/CHARACTER 

| 4) O} Tx 6 BITS/CHARACTER 

| 4] 1) Tx 8 BITS/CHARACTER 
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FIGURE 20. WRITE REGISTER 6 
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SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 SYNC1 | SYNCO MONOSYNC, 8 BITS 
SYNC1 SYNCO SYNCS5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO MONOSYNG, 6 BITS 


SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 SYNC1, SYNCO_ BISYNG, 16 BITS 
SYNC3 SYNC2 SYNC1 SYNCO 1 


1 { 1 BISYNC, 12 BITS 
ADR7 ADR6 —s ADRS ADR4 — ADR ADR2 ADR1 ADRO SDLC 
ADR7 ADR6 ADRS ADR4 x x x x S§DLC 
(ADDRESS RANGE) 
(ADDR RANGE) 


FIGURE 21. WRITE REGISTER 7 
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FIGURE 22. WRITE REGISTER 9 
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| 4117 FORCE HARDWARE RESET 


FIGURE 23. WRITE REGISTER 10 
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FIGURE 24. WRITE REGISTER 11 
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FIGURE 25. WRITE REGISTER 12 
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FIGURE 26. WRITE REGISTER 13 
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FIGURE 27. WRITE REGISTER 14 
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- a_i] 0] SET FM MODE 
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FIGURE 28. WRITE REGISTER 15 


[o7]o6]os[os]os]o2] 0%] oo] 


tee 


ZERO COUNT IE 

FIFO ENABLE 

DCD IE 

SYNC/HUNT IE 

CTS IE 

Tx UNDERRUN/EOM IE 
BREAK/ABORT IE 


6-91 


Willa Vissc35 


FIGURE 29. READ CYCLE TIMING 
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FIGURE 30. WRITE CYCLE TIMING 
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FIGURE 31. INTERRUPT ACKNOWLEDGE see ie 
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FIGURE 33. READ AND WRITE TIMING (SEE TABLE 1) 


PCLK i ( 2) 
a ee See © <4—__(‘5) @) i ( 4) 
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FIGURE 34. RESET TIMING (SEE TABLE 1) 
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TABLE 1. READ AND WRITE TIMING CHARACTERISTICS: TA = 0°C TO +70°C 


1_[twect sf PciKLowwith ~———SLst05 | 2000 | 70 [1000 | | 
[TwPCh_ S| PCLKHIGHWidth Si (se—“‘(SC*rL:« 10S =~ 2000: | 70 :«1'1000 | CO 
TPC SSSCdPCLKFallTime  —S—t—C—C—C—T CCT CO CU CTC 
4 |TrPC . ~——=«({[PCLKRiseTime  ———— |S Cd OCT 
5 2000-4} 
5 |TsA(WR) sd AddresstoWRSetupTime =| 80 | |. 80 | | | | 
IThA(WR) ___——ss| AddresstoWRHoldTime sos | 0 CO] CCS CC CY 
8 _|TsA(RD) _—si| AddresstoRDSetupTime =| 80 | | 80 | | | 
9 |ThA(RD) | AddresstoRDHoldTime = | SO CO CU COC 
11_|TsIA(WR) __—s|INTACKtoWRSetupTime sss | 200, =| S| 60] CCT CC 
12 |ThIAWR) —sssSINTACKtoWRHoldTime sss | OC CUT CCC 
13 NTACK to RD : | 200 | - | 160] | |[ 
4 |ThIA(RD) ssSINTACKtoRDHoldTime sss SO] SOO CO CU CC 
INTACK to PCLK Hold Time | i100. | J| 1i00/ | JJ 
16 |TsCE1(WR) __— |CELOWtoWRSetupTime =| OO | | of | J 
17_|ThCE(WR) ss | CE to WR Hold Time ee ee ee 
18 |TsCEh(WR) —sICEHIGHtoWRSetupTime ss} 100) | CU C0 CC 
: E LOW to RD Setup Time ar ae eae i Sees ee ee | 
OQ |ThCE(RD) __|CEtoRDHoldTime -—s—s— |] —h 0 | Ud] CCC 
21 |TsCEh(RD) _—s|CEHIGHtoRDSetupTime _——s—s«{| 100 =| ~ ~=~=—SEhr | 70 | CUT CTC 
‘TWRD1CCCUIRDLOW Width — t—“‘“C;‘t*rT:C 3I90~*~C*SECOOC“‘(C*LS 250 CTC CC 
25 |TdRDKDR) | RDtoReadDataValidDelay =| ~=—Ss | 250 | = 180 | TC 
26 |TdRD(DRz) —ss|RDtoReadDataFloatDelay ss | | 70 | CCT STC TC 
27 ae Required Valid to Ls 590 i 420 or 
Read Data Valid Dela 
28 ITwWR1_ CU IWRLOWWidth CC‘ tL 390~«SF: CSC C‘iLC SC CT 
9 lTsDWIWR) _| Write Data to WR Setup Time aaa sal («rT Ce a 
30 |ThDW(WR)__s|WriteDatatoWRHoldTime Ss s| oO} CCT CTC Cd 
31 |TIWR(W)  sssd|WRtoWaitValidDelay ss CC] Ci 240 TCE 200 SO 
32 ITdRD(W)  s|RDtoWaitValidDelay —s—s— Crd] Cid 2 S| CC 00ST Cd 
33 ITCWRKREQ) _|WRtoW/REQNotValidDelay  ——s| Ss 240 | = 200 | TCs 
34 |TdRDK(REQ) _ IRD to W/REC es ee ee 2 ee ee eee 
35 |TdWRr(REQ) ae ae a a 
300 250 
36 |TdRDr(REQ) RD to DIR/REQ Not Valid Delay aes Li? i ae 
+300 +250 
38 _|TdIA”RD _|INTACKto RD (Acknowledge) Delay | 240 | £4| 250 | | | 
39 [TwRDA_-——sRD (Acknowledge) Width =—s—s(§“ S| 285 Cd SC] 50 TC 
40_|TdRDA(DR) __IRD (Ack.)toRead Data ValidDelay | =| 190 | |[180 | #4| 
41_|TsIE(RDA) _IIEIto RD (Acknowledge) SetupTime | 120 | | 100 | #4| | | 
42 |ThIEKRDA) _—|IEIto RD (Acknowledge) HoldTime | O | | O | | | | 
43 |TdIEVIEO) —ssIEItolEODelayTime sss Cd] CCE 120 S| 100 S| Cd 
44 ITdPC(IEO) sIPCLKtolEQDelay ssi tC—“‘idTSC‘(CSC*s: 250 TLC 5 TC 
45 |TdRDA(INT) _|RDtoINTInactiveDelay == | ~—S—CsCidY|s 500 ~'| S500 =| CTC 
46_|TdRD(WRQ)___|RD to WR Delay for No Re |.30 6d} CC 5 OC 
47_|TdWRQ(RD) _IWRtoRDDelayforNoReset | 30 | | 30 | | | | 
48 |TwRES ss WRandRDCoincidentLOWforReset] 250 | | 250 | | | | 
49 |Trc _ | Valid Access Recovery Time (4TcPC 4TcPC 
+200) +130) 
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Notes 


NO IP IDO [Po 
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READ AND WRITE TIMING (NOTES) 


1. Units are in nanoseconds. 4. Parameter applies only between TdlAi(RD) must be greater than the 
2. Parameter does not apply to Interrupt transactions involving the ESCC. sum of TdPC (IEO) for the highest 
Acknowledge transactions. 5. Open-drain output, ured with priority device in the daisy chain, 
eee : eae TsIEI(RDA) for the ESCC, and 
3. Float delay is defined as the time open-drain test load. TdIEI(IEO) for each device 
required fora +0.5 V change at the 6. Parameter is system-dependent. For 


output with a maximum de load and any ESCC in the daisy chain, separating them in the daisy chain. 
minimum ac load. 


FIGURE 36. INTERRUPT ACKNOWLEDGE TIMING (SEE TABLE 1) 
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FIGURE 37. GENERAL TIMING (SEE TABLE 2) 
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TABLE 2. GENERAL TIMING 


No. 


ITAPC(REQ) _—sPCLKtoW/REQValidDelay sss | Ss] Ss] | so ST 
JPC(W IPCLK to Wait InactiveDelay ss Tt 
i 0 ll 
PCLK +4 Case Onl 
4 TsRXD(RXCr RxD to RxC Setup Time (Xi Mode} 0 o 2 
5 | ThRXD(RXCr)__—s| RxD toRxC Hold Time (X1.Mode) | 150] | 450] | | | 2 
6 _|TsRXD(RXCf) _—sIRxD to R > Time (X1 Mo ee ee ee ee | es es eee es 
7__|ThRXD(RXCf___[RxDtoRxGHoldTime(XiMode) | 150] = =| 150] | | | 26 
8 |TsSY(RXC)___—sISYNCtoRxCSetupTime ——s— S| 200) ~S—isd| S200] | CCCU 4 
9 |ThSY(RXC) YNC to RxC Hold Time ee Ba 3TcPC a ae ie 
OU OU oi? 
10 |TsTXC(PC) si fxGtoPCLKSetupTime —ss— | Oh UTC] CC CC CT 8S 
11_|TdTXCHTXD) | TxC to TxD Delay(XiMode) —ss—— [| SCT S00] S| 0 CCT 
12 |TdTXCr(TXD) ss TxC toTxDDelay(X1Mode) —s——s (|S —CiT S00] S| 0 CT 8S 
14 |TwRTXh  —sss—sSIRTxCHIGHWidth — t—“*;s*SsésdY:SCitTCCC“‘édL:S 80] CC] CTC 
15 |TwRTXL  —sssSIRTxCLOWWidth — —“‘~‘“‘~drSSCtO CCT Sto CT CCT 
16 |TcRTX sss CR TxC CycleTime  —s———“‘CSC*rC C400] ~SCC—“‘LC“(C YE“ $C CTC CL 
18 [TwIRXh _—SssITRxCHIGHWidth — —“—*‘i*~*s:CSCsidtOTSCC“‘LS Sto] SC] CT Cd 
19 [TwIRXi ss sITRxCLOWWidth Ss —“‘“‘SSC*dTC Cot tof] CTC 
20 |TcTRX—ss—s—SsC*dTRxC CycleTime —— t—“*‘;*™SCSC—~*drSCéiéHOYT CC‘: «4OO]C—C“‘LSSC“‘#$SWEN$N’CUMNE QA? 
21 |TwEXT. _s—s—s*(OCDorCTSPulseWidth = CEC i“ te | OTC“ ted 


TABLE 3. SYSTEM TIMING 


No. |Symbol Parameter | 4MH2 


REQ) XC to WIRE Valid Delay ie ee 
W) xC to Wait Inactive Delay 
6 


A 


dRXC 
dRXC 


-— 


al 


: < 
2 ae ee 
3 rerxcisy) 4 
4_frarxcqnr) 
5 [TéTXCREG) | TTtoWAETValidDeley |S 
g |g | 
9 
Led 


2 
O 
a 


10 


1 


~— 


dTXC(W) TxC to Wait Inactive Delay 
dTXC(DRQ TxC to DTR/REQ Valid Delay 
dTXC(IN TxC to INT Valid Delay _ 


= sibr) 
mee 
ee 

asvONT zs 
10_fraextn __|octorcTstianstiontomTvaisdey | 2 | «6 | 2 


4 


© 


12 
7 
16 
7 
10 


4 
(ev) 


1é%) 


General and System Timing Notes: 5. Parameter applies only if the data 7. Parameter applies only for trans- 

1. Open-drain output, measured with rate is one-fourth the PCLK rate. mitter and receiver; DPLL and baud 
open-drain test load. In all other cases, no phase rate generator timing requirements 

2. RxC is RTxC or TRXC, whichever is relationship between RxC and PCLK are identical to chip PCLK 
supplying the transmit clock. or TxC and PCLK is required. requirements. 

3. TxC is TRxC or RTXC, whichever is 6. Parameter applies only to FM 
supplying the transmit clock. encoding/decoding. * Units are in nanoseconds (ns). 


4. Both TrxC and SYNC have 30 pF 
capacitors connected to ground. 
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FIGURE 38. SYSTEM TIMING (SEE TABLE 3) 
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FIGURE 39. ESCC STATUS REGISTER 
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INTERFACE TO SCC 4 
BYTE COUNTER CONTAINS 14-BITS FOR WR(15) BIT 2 
A 16 KBYTE MAXIMUM COUNT SET ENABLES 
STATUS FIFO 


FIFO DATA AVAILABLE STATUS BIT 
STATUS BIT SET TO 1 
WHEN READING FROM FIFO 


FIFO OVERFLOW STATUS BIT 
MSB OF RR(7) IS SET ON STATUS FIFO 
OVERFLOW 
IN SDLC MODE THE FOLLOWING DEFINITIONS APPLY 
* ALL SENT BYPASSES MUX AND EQUALS CONTENTS OF SCC STATUS REGISTER 
* PARITY BITS BYPASSES MUX AND DOES THE SAME 
* EOF IS SET TO 1 WHENEVER READINGFROM THE FIFO 


FIFO DETAIL 


For a better understanding of details of 
the FIFO operation, refer to the block 
diagram in Figure 39. 


ENABLE/DISABLE 

This FIFO is implemented so that it is 
only enabled when Channel A register 
WR15 bit 2 is set and the ESCC is in the 
SDLC/HDLC mode, otherwise the status 
register contents bypass the FIFO and 
go directly to the bus interface (the FIFO 
pointer logic is reset either when 
disabled or via a channel or power-on 
reset). When the FIFO mode is 
disabled, the ESCC is completely 
downward-compatible with the HMOS 
VL8530. The FIFO mode is disabled on 
power-up (WR15 bit 2 is set to 0 on 
reset). The effects of backward 
compatibility on the register set are that 


RR4 is an image of RRO, RRS is an image 
of RR1, RR6 is an image of RR2, and 
RR’7 is an image of RR3. For details of 
the added registers, refer to Figure 3. 
The status of the FIFO Enable signal 
can be obtained by reading Channel A 
RR15 bit 2. If the FIFO is enabled, the 
bit will be set to 1; otherwise, it will be 
reset. Channel B WR15 and RR15 
behave exactly as in the VL8530 
standard product. 


READ OPERATION 

When WR'15 bit 2 is set and the FIFO is 
not empty, the next read to any of 
status register RR1 or the additional 
registers RR7 and RR6 will actually be 
from the FIFO. Reading status register 
RR1 causes one location of the FIFO to 
be émptied, so status should be read 
after reading the byte count, otherwise 
the count will be incorrect. Before the 


FIFO underfiows, it is disabled. In this 
case, the multiplexer is switched to 
allow status to read directly from the 
status register, and reads from RR7 and 
RR6 will contain bits that are undefined. 
Bit 6 of RR7 (FIFO Data Available) can 
be used to determine if status data is 
coming from the FIFO or directly from 
the status register, since it is set to one 
whenever the FIFO is not empty. 


Since not all status bits must be stored 
in the FIFO, the All Sent, Parity, and 
EOF bits will bypass the FIFO. The 
status bits sent through the FIFO will be 
Residue Bits (3), Overrun, and CRC 
Error. 


The sequence for proper operation of 
the byte count and FIFO logic is to read 
the registers in the following order: RR7, 
RR6, and RR1 (reading RR6 is optional). 
Additional logic prevents the FIFO from 
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FIGURE 40. SDLC BYTE COUNTING DETAIL 
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FIGURE 41. ESCC REGISTERS 
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7 6 5 4 3 2 1 .¢) 
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bcs FIFO ENABLE CONTROL BIT 
1 = STATUS AND BYTE COUNT WILL BE 
HELD IN THE STATUS FIFO UNTIL READ 
0 = STATUS WILL NOT BE HELD (SCC 
EMULATION MODE). 


* = NO CHANGE FROM HMOS SCC DFN 


being emptied by multiple reads from 
RR1. The read from RR7 latches the 
FIFO empty/ull status bit (bit 6) and 
steers the status multiplexer to read 
from the ESCC megacell instead of the 
status FIFO (since the status FIFO is 
empty). The read from RR1 allows an 
entry to be read from the FIFO (if the 
FIFO was empty, logic is added to 
prevent a FIFO underflow condition). 


WRITE OPERATION 

When the end of an SDLC frame (EOF) 
has been received and the FIFO is 
enabled, the contents of the status and 
byte-count registers are loaded into the 
FIFO. The EOF signal is used to 
increment the FIFO. If the FIFO 
overflows, the MSB of RR7 (FIFO 
Overflow) is set to indicate the overflow. 
This bit and the FIFO control logic is 
reset by disabling and re-enabling the 
FIFO control bit (WR15 bit 2). For details 
of FIFO control timing during an SDLC 
frame, refer to Figure 40. 


BYTE COUNTER DETAIL 


The 14-bit byte counter allows for 
packets up to 16K bytes to be received. 
For a better understanding of its 
operation, refer to Figures 39 and 40. 


ENABLE . 
The byte counter is enabled in the 
SDLC/HDLC mode. 


RESET 

The byte counter is reset whenever an 
SDLC flag character is received.. The 
reset is timed so that the contents of the 
byte counter are successfully written 
into the FIFO. 


INCREMENT , 

The byte counter is incremented by 
writes to the data FIFO. The counter 
represents the number of bytes 
received by the ESCC, rather than the 
number of bytes transferred from the 
ESCC. (These counts may differ by up 
to the number of bytes in the receive 
data FIFO contained in the ESCC.) 
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ABSOLUTE MAXIMUM RATINGS 


Voltages on all pins -0.3Vto+7.0V Stresses above those listed under those listed on the operational 

with respect to GND “Absolute Maximum Ratings” may sections of this specification is not 
cause permanent damage to the implied and exposure to absolute 

Operating Ambient 0°C to +70°C device. These are stress ratings only. maximum ratings conditions for 

Temperature Functional operation of this device at extended periods may affect device 
these or any other conditions above reliability. 


Storage Temperature -65°C to + 150°C 


On 
< 


+ 


STANDARD TEST 
CONDITIONS 


The de characteristics and capacitance 21K 

section below apply for the following +5V 
standard test conditions, unless other- 

wise noted. All voltages are referenced 

to GND. Positive current flows into the 22K 
referenced pin. ; 
Standard conditions are as follows: 100pf 


FROM OUTPUT: 
°* 4.75VSVCC<5.25V LA UNDER TEST 


¢ GND=OV 7. 50 pf 
* TA=0°Cto +70°C J. 


DC CHARACTERISTICS: vec =5 v+5%, TA = 0°C to 70°C 


rc OO acd 
IE cs oA cA GS 
OL___Outputteskage | Sf tt | wk 
CAPACITANCE: vec =5 v + 5%, TA = 0°C to 70°C | 


CIN Input Capacitance | ao | pe 
COUT | Output Capacitance pf 18 | or 
Cl/O Bidirectional Capacitance hae: tee) 


f = 1 MHz over specified temperature range. Unmeasured pins returned to ground. 
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SECTION 7 
TELECOMM 
PRODUCTS 


Application Specific 
Logic Products Division 


VL7C103 
300 BAUD MODEM 


FEATURES | 
¢ Low cost single chip 300 BPS modem 


* Full answer and originate option 
* Uses switched capacitor filters 


¢ Implements all filters and hybrid 
circuits on chip 


* Output level up to -9 dBm with 600Q 
line impedance 


* Analog loopback capability 
for testing 


* Power down mode for low power use 


PIN DIAGRAM 
VL7C103 


_—s 


TLA 
GNDA 
EX| 
TXA 
RXA1 
RXA2 
SQT 
O/A 
GND 
TXD 


2 
3 
4 
5 
6 
7 
8 
9 


— 
oO 


ORDER 


INFORMATION 


Part 
Number 


VL7C103-PC 


Package 
Plastic DIP 


VL7C103-CC | Ceramic DIP 


Note: 
Operating temperature range: 0° to+70°C 


* Low power consumption, single +5V 
CMOS design 


* Bell 103 compatible 


* Direct replacement for the National 
Semiconductor NS74HC943 


* Functional replacement for Texas 
Instruments TMS99532 


DESCRIPTION 
The VL7C103 is a single chip, full 


duplex, 300 Bit Per Second (BPS) 
modem compatible with the Bell 103 
specifications. It is intended for data 
communications over the general 
switched telephone network, and can 
also be used with other voice band 
channels. 


FIGURE 1. BLOCK DIAGRAM 
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RXD 
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The VL7C103 requires a single +5 volt 
power supply and is implemented in 3- 
micron switched capacitor technology. 
This part is pin-for-pin compatible with 
the National Semiconductor 
NS74HC943, and functionally 
compatible with the Texas Instruments 
TMS99532. 


Applications include integrated and 
stand-alone low speed modems for 
terminals, personal computers, 
business systems, remote diagnostic 
systems and business machines. Since 
the VL7C103 is a CMOS circuit, it is 
ideal for built-in modems in portable or 
lap-top computers. 
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VL7C103 
ABSOLUTE MAXIMUM 


RATINGS 

Ambient Temperature 
Under Bias - 10°C to + 80°C 
Storage Temperature 

Range - 65°C to +140°C 
Power Supply Voltage 

Range - 0.5V to +7.0V 
Input Voltage Range | | 

(any input) - 0.5V to +7.0V 
Continuous Power 

Dissipation 500mW 


Stresses above those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. These 
are stress ratings only. Functional 
operation of this device at these or any 
other conditions above those indicated 
on the operational sections of this 
specification is not implied and 

exposure to absolute maximum rating 
conditions for extended periods may 
effect device reliability. 


OPERATING CONDITIONS 


Parameter 


TR, TF 


TABLE 1. BELL 103 TRANSMIT 
AND RECEIVE TONES 


High Band 


oewinton | comtone 
vA [AnbieniTenpeaire 
Positive Supply Voltage aa : 
CC 
Sr ac 
z [ental Fewerey [sees 

| fe ees [500 


Input Rise or Fall Time 


2025 Hz 


FIGURE 2. VL7C103 AC SPECIFICATION CIRCUIT 
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TABLE 2. RESISTOR VALUES FOR 
THE ADJUSTMENT OF THE TRANSMIT 
LEVEL AT VCC=5.0VDC 


Transmit Programming 
Level (dBm) Resistor (Rtla) 


Low Band 


Line Loss (dB) 


1270 Hz 0 Open Circuit 
1070 Hz , — 19.8kQ 
BS -10 9.2kQ2 
3 P  -8 | 5.49KO 


PIN DESCRIPTION 


Pin Pin 
Number Name Function 


| DSI Driver Summing Input; used to transmit 
externally generated tones such as 
DTMF dialing signals. When not used, 
this pin snouid be iefi open. See 
functional description for details on how 
to use this input. 


2 ALB Analog Loopback; low for normal 
operation, high for looping back the 
modulator output to the demodulator 
input. If ALB and SQT are 
simultaneously held high, the chip 
powers down. 


3 CD Carrier Detect output; goes low when 
carrier is detected. 


4 CDT Carrier Detect Timing output; a 
capacitor on this pin sets the time 
interval that the carrier must be present 
before CD goes low. For testing 
purposes, if this pin is connected to pin 
12, then RFCR will be connected to the 
output of the receive filter. 


5 RXD Received Data - the data output. 
6 VCC Positive (+5V) power supply. 


7 CDA Carrier Detect Adjust input; this is used 
for adjustment of the carrier detect 
threshold. Carrier detect hysteresis is 
set at 3 dB. For testing purposes, if this 
pin is connected to pin 12, the Transmit 
filter can be tested by using TLA as an 
input driven from a low output resistance 

_ Signal source and TXA as the output. 


8 XTALD Crystal oscillator output; should be 
connected to a 3.579545 MHz crystal. 
It can also be driven by an external 
clock. 


9 XTALS Crystal oscillator input; should be 
connected to a 3.579545 MHz crystal. 
lf external clock is used, this pin must 
be left open. 


10 RFCR Receive Filter/Carrier Rectifier; this 
normally connected to the output of the 
carrier rectifier. If CDT is connected to 
pin 12, then this pin is disconnected 
from the rectifier and instead it will be 
connected to a high impedance output 
of the receive filter. It may thus be used 


vL7c103 Wii 


Pin Description 


Pin Pin. 
Number Name Function 


to evaluate filter performance. For 
normal modem operation, RFCR is AC 
grounded (pin 19) via a 0.1 uF bypass 
capacitor. 


11 TXD Transmit Data - the data input. 


12>" GND Ground (0V) 


13 O/A Originate/Answer mode select; when 
high (low), this pin selects the originate 
(answer) mode of operation. 


14 SQT Squelch Transmitter; this disconnects 
the modulator output from the line driver 
input when held high. The EX] input, . 
however, remains active. If SQT and 
ALB are held high simultaneously, the 
chip will power down. : 


15. RXA2 Receive Analog (2); RXA2 and RXA1 
| are analog inputs. When connected as 
recommended, they produce a balanced 
hybrid. 


16 ~  RXA1 Receive Analog (1 ): see RXA2 for 
| details. 


17 TXA Transmit Analog output; line driver 
output. 


18 EXl External Input; this is a high impedance 
input to the line driver. This input may 
be used to transmit externally generated 
tones. When not used for this purpose, 
it should be connected to pin 19. See 
functional description for further details 
on how to use this input. 


1 9 GNDA Analog Ground (1/2 VCC). 


20 TLA Transmit Level Adjust: a resistor from 
this.pin to VCC sets the transmit level. 
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FUNCTIONAL DESCRIPTION 


The VL7C103 modem can be used to 
transmit and receive serial digital data 
over general switched telephone 
networks, leased lines, or other . 
_ equivalent narrow band channels. Up to 
300 bits per second can be transmitted 
and received simultaneously. 


‘TRANSMITTER 

As shown in the block diagram, the 
digital input data (TXD) is first modulated 
by the frequency shift keying (FSK) 
modulator. FSK modulation is performed 
according to Bell 103 specifications as 
listed in Table 1. 


To separate the transmit and receive 
signals, the originating modem transmits 
in the low band while the answering 
modem transmits in the high band. The 
transmit filter smooths and band limits 
the modulator output. The nominal - 
center frequency of this filter is placed — 
at 2125 Hz or 1170 Hz depending on 
whether the modem is in the answer 
mode or in the originate mode, 
respectively. 


The output of the transmit filter goes 
through the line driver and appears at © 
TXA (Pin 17). The signal level at TXA 
can be controlled by connecting a 
resistor between TLA (Pin 20) and VCC 
(Pin 6). The open circuit voltage on pin 
20 is 0.1 VCC. The transmitted power 
levels shown in Table 2 refer to the 
power delivered toa600Q source — 
impedance. The voltage on the load is 
half the TXA voltage. 


RECEIVER 

The analog signal received from the line 
is buffered by the hybrid circuit and - 
filtered by the receive filter. The receive 
filter is similar to the transmit filter 
except that it always operates at the 
band opposite to the transmit filter band. 
When the transmit filter operates at the 
high band, the receive filter operates at 
the low band and vice versa. The output 
of the receive filter is hard limited and 
demodulated by the FSK demodulator. 
The demodulator output appears at RXD 
(Pin 5). 


CARRIER DETECTOR 

An adaptive level detector responds to | 
the presence of signal energy within the 
receive band and generates an active 
low logic level on the CD output (Pin 3). 


This circuit has a built-in hysteresis of 


2dB, minimum. Typically, CDis 
activated when the received signal 
power exceeds - 44dBm (VON = 
4.9mVrms) and CD is deactivated 
when the signal drops below -47dBm 
(VOFF=3.5mVrms). This hysteresis 
prevents oscillatory operation of the 
carrier detector when the received 
signal is close to the detection 
threshold. 


CARRIER DETECT 
THRESHOLDS 

The threshold levels can be changed 
by applying a voltage to CDA (Pin 7) 
according to the equation below: 


VCDA = 244 X VON (Voit) 

VCDA = 345 X VOFF (Volt) 

VCDA is referenced to pin 19. 

The open circuit voltage on pin 7 is 0.24 
VCC. 

Converting VON and VOFF to equivalent 
power level (across 600Q resistor) in 
dBm: | 


VCDA = 189 X 10PON/20 6, 
PON = 20 logy9(VCDA/189) _ 
VCDA = 267 X 10POFF/20 oy 
POFF = 20 logy9(VCDA/267) 


where PON and POFF are in dBm and | 
VCDA is in volts. 


CARRIER DETECT TIMING 

To reduce the effects of impulse noise 
and false triggering of the carrier 
detector, CD only goes low (active) 
when a carrier is detected and present 
for at least a time equal to TON. Also, 
to deactivate CD (i.e., going from low 
to high), the carrier must be removed 
for at least a time equal to TOFF. TON 
and TOFF can be adjusted by proper 
selection of the capacitor on CDT (pin 
4) according to the following 
equations: 


TON ~6.4 X CCDT 


TOFF ~0.54 X CCDT 
where CCDT is in uF and TON and TOF F 


are in seconds. 
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LINE HYBRID — i 

To attenuate the transmitted signal at _ 
TXA before it is fed back to the 

receiver input, TXA can be connected — 


externally to RXA2 and also connected 


via a 600 ohm resistor to RXA1. 
If the line impedance is also 600 ohms, 


_ then the transmit signal will appear as 


a common mode signal to the receiver 


- and will effectively be eliminated. . 


However, because the line impedance 
characteristics vary considerably, a 
perfect match with a fixed resistor 
rarely occurs and part of TXA | is fed 
back to the receiver. 


TRANSMIT SQUELCH 

When SQT is held high, the transmitter 
will be squeiched and only the signals 
at EXI or DSI, if any, may be 


transmitted. See DSI below. 
ANALOG LOOPBACK 


_ When ALB is held high, the output of 
_the line driver is looped back to the 


input of the receive filter. This feature 
can be used for testing the modem if 


_ the modem is in the originate mode, 


then the transmit and receive filters will 
be turned to the low band. On the 
other hand, when the modem is in the 
answer mode, both filters will tune to 
the high band. 


- ORIGINATE/ANSWER MODES 


When the modem is in the originate 
mode (O/A = high), it will transmit in the 
low band and receive in the high band. 
This situation is reversed when the 
modem is in the answer mode (O/A = 
low)... 


POWER DOWN MODE 
To power down, SQT and ALB should 
be held high simultaneously. 


DSI 


~ This input can be used to transmit 


externally generated signals, such as 
DTMF tones, while the modem is in the 
squelched mode. The external tone 
should be capacitor coupled through a 


resistor into this pin. The gain of the 
transmit amplifier will then be 
determined by the ratio of the on-chip 
feedback resistor (typically 100K 
ohms) and the external series resistor. 
Since the on-chip resistor value can 
vary by 25%, it is recommended that 
the EXI pin be used as described 
below for accurate control of 
transmitted tone level. When this pin 
is not used, it should be left open. 


configured internally as a gain of 2 


CHARACTERISTICS 


EX| 

This input can be used to transmit 
externally generated signals, such as 
DTMF tones, while the modem is in 
squelched mode with DSI left open. 
The external tone should be capacitor 
coupled into this pin with a resistor 
(typically 100k ohms) connected 
between this pin and analog ground 
(pin19). Used in this manner, the 
transmitied tone iévei is twice the input 
tone level since the transmit amplifier is 
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stage. When this pin is not used, it 
should be connected to pin 19. 


RFCR 

This output pin is normally connected to 
the output of the full-wave rectifier of the 
carrier detect circuit. To test the output 
of the receive filter, CDT should be 
connected to pin 12 to disable the 
rectifier circuit. In this case, RFCR will 
be connected to the receive filter output 
and can be used for testing the receiv 
filter. 


Unless otherwise specified, all specifications apply to the test circuit shown in Figure 2. The demodulator specifications 
apply to operating VL7C 103 with a modulator having frequency accuracy, phase jitter, equal to or better than the VL7C103 
modulator. Typical values are at 25°C and VCC = 5.0V (Demodulator includes hybird, receive filter and discriminator.). 


Parameter 
TRANSMITTER 


Carrier Frequency Error 


Power Output Delivered to Line 


Second Harmonic Energy 
RECEIVE FILTER AND HYBRID 
Hybrid Input Resistance 
(pins 15 and 16) 

RFCR Output Resistance 


Adjacent Channel Rejection 


DEMODULATOR 
Maximum Carrier Amplitude 
Minimum Carrier Amplitude 


Dynamic Range 


Bit Jitter 


Bit Bias Distortion 


Carrier Detect Trip Points 


VCC = 5.0V, RL = 1200Q 
RTLA = 5490Q 


RTLAopen 


2 Hz 
-9 dBm 
-12 dBm 


Pin 10, No external Capacitor a ft kQ 


TXD=GNDorVCC 
Input to RXA1:RXA2 = GNDA 


SNR = 30dB 

Input = -38dBm 

Baud Rate = 300 

CDA = 1.2V (Referenced Off to On 
On to Off 


dBm 
dBm 


to pin 19) 
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DC CHARACTERISTICS TA= 0°C to +70°C, VCC= 5V 410%, GND= OV, Typical values are for 25°C 


one (ae 
lV 


VIN = VIH or VIL 


-VOH High Level Output Voltage OUT] = 20nA V 
|IOUT| =4mA, VCC =4.5V V 
VIN = VIH or VIL 
VOL Low Level Output Voltage IOUT| = 20uA 


|IOUT| = 4mA, VCC =4.5V 
|OUT| = 15mA (Pin 3) 


ICC Quiescent Power Supply ALB or SQT = GND ; 
Current 
Transmit Level = -9dBm mA 


ALB =SQT =VCC 


<<< 


ICC Power Down Supply Current VIH=VCC pA 
VIL =GND 
FIGURE 3. VL7C103 AC SPECIFICATION CIRCUIT Sean ie ease 


voc 
2 RTLA 2 es! 


vee O DATAINPUT 
DATAOUTPUT 
O.1yF +10% 
+ 
600Q 
TEST 100uF 0.1pF 


OUTPUT © 
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TYPICAL APPLICATION 3.5795 MHz + 0.1% 


eee 
TAY AG 


33092 Y | 


600Q 
voc 2.2kQ 


SQT 


CDT CDA Vcc EX! aan 
2 


TRANS- 
FORMER 


VCC 


X77 TOPHONE LINES 
GNDA 
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212A/V.22 MODEM FILTER 
FEATURES 


Transmit-and-Receive filter with 
half-channel compromise amplitude 
and group delay equalization 

¢ Built-in Call Progress Mode and 
Answer / Originate Mode switching 

* Bell212A and CCITT V.22 
compatible, with V.22 notch filters 
included 

¢ Analog loop-back capability for in 
circuit testing 

¢ Improved data transmission char- 
acteristics for lower bit error rate 

¢ No external logic or multiplexers 
required 

¢ Supports both North American and 
European modem designs 


DESCRIPTION 


The VL7C211 modem filter is a 
monolithic CMOS switched-capacitor 
filter circuit designed for use in full- 


duplex 1200-bit-per-second modems. It 
meets the filtering requirements of the 
Bell 212A and CCITT V.22 modem 
specifications and includes high-band 
(2400 Hz) and low-band (1200 Hz) 
filters, half-channel compromise 
amplitude and group delay equalizers for 
both bands, and smoothing filters for 
both bands. For CCITT V.22 
applications, a notch filter is included 
that can be programmed for either 550 
Hz or 1800 Hz. Also included in the 
VL7C211 filter are two uncommitted 
operational amplifiers that can be used 
for anti-aliasing filters or for gain control. 


The VL7C211 is pin and function 
compatible with the Sierra SC11005, the 
AMI S35212 and S35212A. Further, the 
high-band filter in this filter can be 
scaled by a factor of six so that it can be 
used to monitor call progress tones in an 
intelligent modem. And, like the 


$35212A, it contains analog loop-back 
so that the signal path can be 
completely tested. 


The VL7C211 offers enhanced call 
progress monitoring features and is pin 
and function compatible with the Sierra 
$C11001. It contains two pins, CPM 
(pin 12) and NFI (pin 13), that allow more 
accurate call progress monitoring and 
easier V.22 implementation without the 
need for extra multiplexers or logic. 
Besides being able to scale the high- 
band filter by a factor of six, the low- 
band filter can be scaled by a factor of 
2.5 for better centering over the call 
progress frequency range of from 300 to 
660 Hz. It also allows the unscaled high- 
band filter to be used for monitoring the 
modem answer tone, simplifying the 
design of full auto-dial / auto-answer 
modems. 


PIN DIAGRAM 
VL7C211 


BLOCK DIAGRAM 


NSEL NFO NFI AJO ALB SEL2 CPM 


= FRAND | .,{[NOTC 
EQUALIZER | 
|HIGH-BAND 
FILTER AND 


4 {EQUALIZER 


Notes: 


MODE DECODER | | 


1. Pins 1, 4, 11, 12, 13, 17, and 22 have internal pull-down resistors to ground. 


2. Pin 14 has an internal pull-up to VCC. 


ORDER INFORMATION 


Part 
Number 


Package 


VL7C211-PC Plastic DIP 
VL7C211-QC Plastic Leaded 
Chip Carrier (PLCC) 


Note: Operating temperature range: 0°C to +70°C. 
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FIGURE 1. BLOCK DIAGRAM 


NSEL NFO NFI A/O ALB SEL2 CPM 
17| 16} 13141] 14) 4] 12 


19 5 . 
6 
T- 21 ) é 
MODE DECODER 
7 
18 LOW-BAND — 
TXin — FILTER & : 15 
EQUALIZER SMOOTHING TXout 
Reems: FILTER , 
, 4 
RXin =. a SMOOTHING J RXout 
EQUALIZER . FILTER 
yCe. CLK1 
(2.4576/ 
1.2288Mh2) 
vss SEL1 
AGND be CLK2 
(153.6kHz) 
VA 
23 | 


Note: Pins 1, 4, 11, 12*, 13°, 17 and 22 have internal pull-down resistors to ground. 
Pin 14 has an internal pull-up to VCC. 
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SIGNAL DESCRIPTIONS ABSOLUTE MAXIMUM 
RATINGS 
Pin Number Signal Name Description 

1 SEL2 Call progress mode selection LOW for Ambient Temperature Under Bias 
normal operation, HIGH for scaling -10°C to +80°C 
the high-band filter by six for call progress Storage Temperature Range 
monitor. -65°C to +140°C 

2 VSS Negative supply voltage Operating Temperature Range 

3 RXin Receive signal input (Plastic DIP, PLCC) 

4 CLK1 Clock input 1; 2.4576 MHz with SEL1 HIGH O° to +70°° 
or 1.2288 MHz with SEL1 LOW. Maximum Supply Voltage 

5 Rout Output of the R amplifier VCC =+7V 

6 R- Inverting input of the R amplifier VSS =-7V 

7 R+ Non-inverting input of the R amplifier Input Analog Voltage Range 

8 Vcc Positive supply (pins 3, 6, 7, 18, 20, 21) 

9 SEL1 Selects clock frequency into pin 4; LOW VCC + 0.6 V Max 
for 1.2288 MHz or HIGH for 2.4576 MHz. VSS - 0.6 V Min 

10 AGND Analog ground Input Digital Voltage Range 

11 A/O Answer / originate mode selection; HIGH (pins 1, 4, 9, 11, 12, 13, 
for answer, LOW for originate. 14, 17,22) 

12 CPM Enhanced call progress mode selection VCC + 0.6 V Max 
LOW for normal operation; HIGH to VSS - 0.6 V Min 
scale down the low-band filter by 2.5 for Maximum Power Dissipation 
enhanced call progress monitoring. (Plastic DIP, PLCC) 

13 NFI Notch filter insert; LOW for notch filter 500 mW @ 25°C 

coe bypass, HIGH to insert notch filter. 

14 ALB Analog loop-back; HIGH for normal Stresses above those listed under 
operation, LOW to loop-back TXout "Absolute Maximum Ratings” may 
to RXin. cause permanent damage to the 

15 TXout Transmit signal output device. These are stress ratings only. 

16 NFO Notch filter output Functional operation of the device 

17 NSEL Notch filter selection; LOW for 550 Hz, under these or any conditions above 

. HIGH for 1800 Hz. those indicated in this data sheet is 

18 TXin Transmit signal input not implied. Exposure to absolute 

19 Tout Output of the T amplifier maximum rating conditions for 

20 T+ Non-inverting input to the T amplifier extended periods may affect device 

21 T- Inverting input to the T amplifier reliability. : 

22 CLK2 Clock input 2; 153.6 KHz 

23 DGND Digital ground 

24 RXout Receive signal output 


DC CHARACTERISTICS TA =0°C to 70°C, VCC =5.0 V +10% unless otherwise noted 


VIH High Level Input Voltage; 
Digital Signal pins 1, 4, 9, 
11, 12, 13, 14, 17, 22 


ma 


VIL Low Level Input Voltage; 
Digital Signal pins 1, 4, 9, 
11, 12, 13, 14, 17, 22 


VOMAX | Output Signal; 
pins 5, 15, 16, 19, 24 


VCC=+5V, VSS=-5V, 
RL = 10kQ (pins 5, 19) 
RL = 20kQ (pins 15, 16, 24) 
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PERFORMANCE CHARACTERISTICS TA = 25°C, VCC = +5 V, VSS: VSS = -5 V, unless otherwise noted. 


Parameter _ Conditions. Typ Units 


" 


[om 
88) 


Output Noise RXout, TXout 33 dBrnCo 
Crosstalk | 
| Total Harmonic Distortion 0.3 


Dynamic Range 70 


Adjacent Channel Rejection: dB 
Low-Band dB 
High-Band dB 


Passband Gain at Center © 


+ 
a. 
w 


Frequency (1200 Hz, 2400 Hz) 
Relative Gain: Low-Band 7 @300 Hz 
Reference = 1200 Hz | | @800 Hz 
| —_— @1600 Hz 
@1800Hz 
| @2000 Hz 
: @2400 Hz 
| @2800 Hz 
Relative Gain: High-Band | “@800 Hz — 
Reference = 2400 Hz | ; @1200 Hz 


co 
on 
a. 
Lvs) 


' ' t own 
NO 
oan 


+ 
a. 
08] 


[O | 
a 4 
1 es 
jek [ox 
w ow 


| @1600 Hz 
@2000 Hz 


BR 
© 
Q. 
182] 


ae | @2800 Hz | 


Relative Gain: Low-Band | @550 Hz, NSEL = LOW ee eee; dB 

NFI = HIGH | @1800 Hz, NSEL = HIGH ee ee dB 
FUNCTIONAL monitoring mode with SEL2 (pin 1) group delay response of the low-band 
DESCRIPTION HIGH and CPM (pin 12) LOW, the filter cascaded with the low-band delay 

~~ center frequency of this filter is shifted equalizer.) 

LOW-BAND FILTER down by a factor of six to 200 Hz. If HIGH-BAND FILTER 
The low-band filter is a 10th-order, pin 12 (CPM) is HIGH, the filter The high-band filter is a 10th-ord 
switched-capacitor, band-pass filter SNgiemanai teri 3 uae 


response is scaled down by 2.5, 


switched-capacitor, band-pass filter 
moving the center frequency to 


with a center frequency of 1200 Hz. 


(See figure 3 for the amplitude 7 480 Hz. ree cae Hsieh ae nz, 
response of this filter.) In the originate keoelldule De ee | 
mode, this filter is used in the transmit LOW-BAND DELAY EQUALIZER response of this filter.) In the answer 
direction: in the answer mode, it is The low-band delay equalizer is a 10th- mode, this filter is used in the 
used in the receive direction. When order, switched-capacitor, all-pass transmitter d irection; in the receive 
analog loop-back is used in the filter that compensates for the group mode, it is used in the receive 
originate mode, this filter, together with delay variation of the low-band and half direction. When analog loop-back is 
the low-band delay equalizer is in the of the compromise line characteristics, used in the answer mode, this filter, 
test loop. Inthe call progress producing a flat delay response within together with the high-band delay 

the pass-band. (See figure 4 for the equalizer, is in the test loop. In the call 
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progress monitoring mode with SEL2 
(pin 1) HIGH and CPM (pin 12) LOW, 
the center frequency is shifted down 
by a factor of six to 400 Hz. If pin 1 is 
LOW or pin 12 is HIGH, this fitter 
operates in the normal data mode. 


HIGH-BAND DELAY 

EQUALIZER 

The high-band delay equalizer is a 10th- 
order, switched-capacitor, all-pass 
filter that compensates for the group 
delay variation of the high-band filter 
and half of the compromise line 
characteristics, producing a flat delay 
response for the high-band filter 
cascaded with the high-band delay 
equalizer. 


TRANSMIT SMOOTHING 

FILTER 

The transmit smoothing filter is a first- 
order, low-pass switched-capacitor 
filter. 


RECEIVE SMOOTHING FILTER 

The receive smoothing filter consists 
of a second-order, low-pass switched- 
capacitor filter cascaded with a 
second-order, active R-C, low-pass 
filter. 


V.22 NOTCH FILTER 

The V.22 notch filter is a second order, 
switched-capacitor notch filter. The 
center frequency of the filter is at 550 
Hz when NSEL (pin 17) is LOW, and is 
shifted to 1800 Hz when NSEL is 
HIGH. This filter is bypassed in the low 
band if NFI (pin 13) is LOW. Its 
output, however, is always available at 
pin 16 (NFO). 

UNCOMMITTED OPERATIONAL 
AMPLIFIERS 

Two operational amplifiers, called the R 
amplifier and the T amplifier, are 
included as a part of the VL7C211. 
They are not used by the filter circuit 
and can be used, for example, as anti- 
aliasing filters or gain stages ina 
complete 212A modem circuit. 


ANALOG LOOP-BACK 

When ALB (pin 14) is LOW, the signal 
transmitted by the modem TXin is 
looped back to the modem through the 
RXout pin. If the low (high)-band filter / 
equalizer is to be tested, the A/O pin 
should be LOW (HIGH). The receive 
smoothing filter is in this loop 
regardless of the A/O level. An 
internal pull-up resistor keeps this pin 
HIGH when it is not connected 
externally. 


ANSWER / ORIGINATE MODE 
SELECTION 

When A/O (pin 11) is LOW, the modem 
operates in the originate mode, 
transmitting in the low band and _ 
receiving in the high band. If A/O is 
HIGH, the modem operates in the 
answer mode, transmitting in the high 
band and receiving in the low band. An 
internal pull-down resistor keeps this 
pin LOW when it is mot Connected 
externally. 

CLOCK SELECTION 

SEL1 (pin 9) is used to select the 
correct internal divider, depending on 
the frequency of the external clock. 
SEL1 is set HIGH for use with a 2.4576 
MHz clock input on CLK1 (pin 4), and 
set LOW for a 1.2288 MHz input on 
CLK1. If a153.6 KHz clock is used on 
CLK2 (pin 22), CLK1 (pin 4) should be 
left open. 


NORMAL/ CALL PROGRESS 
MODE — 

When SEL2 (pin 1) and CPM (pin 12) 
are LOW, the filter operates in the 
norm-al data mode. When either pin is 
HIGH, the filter operates in the call 
progress monitoring mode. When 
SEL2 is HIGH and CPM is LOW, the 
center frequencies of both the low- 
band and the high-band filters are 
shifted down to one-sixth of the 
frequencies used in the normal data 
mode. SEL2 is internally pulled down 
to keep it at a LOW level when it is not 
connected externally. 


When CPM is HIGH, the low-band filter 
is scaled down by a factor of 2.5 

(figure 7) and RXout is the output of 
either the scaled low-band filter, or the 
unscaled high-band filter, depending 


on the logic levels at ALB (pin 14) and 
A/O (pin 11), as shown in table 1. 


TRANSMIT SQUELCH IN CALL 
PROGRESS MODE 

When CPM is HIGH (call progress 
mode), the input of the transmit 
smoothing filter is disconnected and 
shorted to ground, squelching the 
transmitter. In the handshake 
sequence of a 212A modem, this 
feature can be used to eliminate any 
transmit signal output. An internal pull- 
down resistor keeps the CPM pin LOW 
when it is not connected externally. 
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APPLICATIONS 

MODES OF OPERATION 

The VL7C211 filter can be operated in 
three basic modes: a normal data 
mode, atest mode, and acall progress 
monitor mode. 


NORMAL DATA MODE 

Figures 8 through 11 illustrate the 
signal flow diagrams for the filter in the 
normal data mode for either a 212A ora 
V.22 modem. In the originate mode, 
the transmit signal goes through the 
low-band filter and the receive signal 
goes through the high-band filter. In 
the answer mode, the transmit signal 
goes through the high-band filter and 
receive signal goes though the low- 
band filter. 


TEST MODE 

The filter can be tested by entering the 
analog loop-back mode, as illustrated 
in figures 12 and 13. In this mode, the 
transmit signal is looped back to the 
RXout pin after going through either 
the low-band filter or the high-band 
filter, depending on originate or answer 
mode selection. The analog loop-back 
mode facilitates testing of the modem 
locally, without having to make a data 
call. 


CALL PROGRESS MONITOR 
MODE 

This filter operates in one of two 
different call progress monitoring 
modes, depending on whether the 
SEL2 or CPM pin is HIGH. If SEL2 is 
HIGH the center frequency of both the 
low-band and the high-band filters is 
shifted down by a factor of six and the 
bandwidth of the filters is also reduced 
by a factor of six. Thus, the high-band 
filter is shifted down to 400 Hz + 80 Hz, 
while the low-band filter is shifted down 
to 200 Hz+ 80 Hz. By selecting the 
originate mode, the receive signal 
goes through the modified high-band 
filter, which now has a pass-band of 
approximately 300 Hz to 480 Hz. This 
allows precision dial tone of 350 / 440 
Hz as well as audible ringing tone of 
440 / 480 Hz to pass. However, only a 
portion of the busy or reorder tone of 
480 / 620 Hz passes through. An 
external energy detector circuit, 
combined with a method of cadence 
and timing determination, 
distinguishes between different 
conditions on the line during 
establishing a call. 
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FIGURE 2. LOW-BAND AND HIGH-BAND RESPONSE, NORMALIZED 


AMPLITUDE (dB) 


LOW - BAND HIGH - BAND 


o 400 800. 1200 1600 2000 2400 2800 3200 3600 #4000 
FREQUENCY (Hz) 


FIGURE 3. LOW-BAND RESPONSE, NORMALIZED 


AMPLITUDE (dB) 


700 800 900 1000 1100 1200 1300 + #1400 + #1500 + «1600 +#«1700 
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FIGURE 4. LOW-BAND GROUP DELAY (Hz) 
GROUP DELAY 
(us) 


400 
300 


200 


-100 


700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 
FREQUENCY (Hz) 


FIGURE 5. HIGH-BAND RESPONSE, NORMALIZED 


AMPLITUDE (dB) 


2.0 


1.0 


gs art ae a 
1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 
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FIGURE 6. HIGH-BAND GROUP DELAY (Hz) 
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FIGURE 7. LOW-BAND DIVIDED BY 2.5 AMPLITUDE RESPONSE, NORMALIZED 


AMPLITUDE (dB) 


LOW - BAND 


pees es 
0 200 400 600 800 1000 1200 1400 1600 
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FIGURE 8. 212A ORIGINATE MODE 


‘ 


MUX Smoothing 
Filters 


CLK1 


Oo 0 1 Oo Oo 153.6kHz N/C N/G 


FIGURE 9. 212A ANSWER MODE 


a8 : [ Low-Band Filter | Notch 15 
and Equalizer ata 
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FIGURE 12. 212A ANALOG LOOP-BACK MODE UISNG LOW-BAND FILTER (ORIGINATE MODE) 
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FIGURE 13. 212A ANALOG LOOP-BACK MODE USING HIGH-BAND FILTER (ANSWER MODE) 
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FIGURE 15, CALL PROGRESS MONITOR MODE: MONITORING CALL PROGRESS TONES 


a MUX 


18 TXin | i 
‘ Low-Band Filter Notch es Tx 
A) HO and Equalizer > aa Fiter wai axvee™ ~ r Br 
. N Sas 
. N N . esc 
: 3 | 8. | NS MUX 
Ny tonaanananaal \ 
$ 
S 


RX 24 


ans od AAAS SS Sea  ipemnamaracoaea nace  iaataiaiaes SS A ‘aie S- 


. MUX MUX Smoothing 
Filters 


CLK1 SEL1 NSEL 


7-20 


VL7C211 


TABLE 1. OPERATING MODES 


sae A RH (SA (A 
Ce Oe ee 
2 fe fe fe fe 
i LE ES 1 2 A ©. 
4 U 1 o Le 6 H/6 H/6 
Cs a ES cL 
Note: 


1."L" refers to a center frequency of 1200Hz. 
2."H" refers to a center frequency of 2400 Hz. 
3. SQT means the transmitter output is squelched. 


4.- refers to no filter connection. 
5.+ means connection to both filters. 
6. X means “don't care". 


7. By switching between modes 8 and 10, the filter can be used to detect reception of the call progress tones in 
the L/2.5 band as well as the answer tone in the H band. 
8. The SEL2 (pin 1), CPM, ALB (pin 14) and A/O (pin 11) control the modes of operation of the filter as shown in table 
1. For each combination of these pins, the table shows to which each filter input and output is connected. The "L" 
refers to the low-band filter with the response shown in figure 2. The "H" is used to denote the high-band filter as 
characterized in figure 2. When L or H is divided by a factor of six (or 2.5), this is indicated by L/6 or H/6, meaning that. 


the frequency response is scaled down by six. 


The VL7C211 features an additional 
mode for monitoring the call progress 
tones. This mode is initiated by taking 
the CPM pin HIGH. Two deficiencies, 
inherent in the first mode described 
above, are overcome in this enhanced 
mode. First, the pass-band is more 
accurately centered over the call 
progress tone frequencies because the 
low-band filter is scaled down by a factor 
of 2.5. The low-band filter thus has a 
pass-band of from 290 Hz to 670 Hz, 
which allows the busy tone to pass 
through completely. Second, since the 
high-band filter is not scaled, answer 
tones can be easily monitored. 


The receive signal is connected to both 
the high-band filter and the scaled low- 
band filter. By toggling the ALB pin 


between HIGH and LOW levels, either 
the answer tone or the call progress 
tone can be monitored on the RXout pin. 


Figures 14 and 15 show the signal flow 
diagrams in the call progress monitor 
mode. A method for determining 
conditions on the line during 
establishing a call is described in the 
following section. 


CIRCUIT DESCRIPTION 


In the circuit of Figure16, op amps U1 
and U2 and resistors R8 through R13 
form a 2- to 4-wire converter that 
separates the line signal into the 
transmit and receive components. The 
receive signal is connected to the RXin 
input of the VL7C211 filter. In the call 
originate mode the signal goes through 
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the high-band filter and comes out on 
the RXout pin. For call progress 
monitoring, the low-band filter operates 
in ascaled mode, thus filtering the 
receive signal over the range of from 
290 Hz to 670 Hz. Op amps U3 and U4, 
comparator U5, and associated discrete 
components form the energy detector. 
U3 operates as a full-wave rectifier. U4 
is a buffer that drives a low-pass filter 
formed by R18 and C4. The filtered 
signal is compared to a level set by R19 
and R20. The output of U5 goes HIGH if 
the signal level exceeds the level set by 
R19 and R20. This output corresponds 
to the cadence information in the call 
prgress tone signals and can be 
sampled by the controller according to 
the detection algoithm. 


Vis 


TABLE 2. CALL PROGRESS TONE CHARACTERISTICS 


VL7C211 


Call Progress Tone 
Dial Tone 


350 + 440" 
400, 425 
600 x 120 IPS** 


440 + 480° 
400, 450 
420 x 40 IPS** 
400 x 25 IPS** 
480 + 620° 
400, 425, 450 
600 x 120 IPS** 


025s on/O25 son 


Multifrequency 1s/1s 


Audible Ring 


2son/4soff 
1son/3s off 


Busy (Station) 0.5 s. 0n/0.5 s. off 


Busy (circuit) 
Off Hook Alert 


Notes: 
*Precision tones specified by AT&T 
** IPS means interruptions per second. 


Continuous steady tone 


FIGURE 16. ACALL PROGRESS MONITORING APPLICATION 
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The rest of the circuitry in figure 16 
performs the function of the data 
access arrangemetn (DAA). 
Transformer T1 provides isolation and 
sinks the line current in the off-hook 
state. R1, R2, V1, Z3, and Z4 provide 
surge protection. Relay KRi and 
transistor Q1 control on-hook / off- 
hook conditions. C1, R3, Z1, Z2, D1 
and OC1 limit and rectify the high- 


voltage ac ringing signal; OC1 
provides isolation, R4 and C2 filter the 
rectified ring signal,and Schmidt 
trigger IC U6 converts it into a logic 
level for the controller. 

A CALL PROGRESS 

MONITORING APPLICATION 

Figure 16 shows a schematic for using 
the VL7C211 filter in a call progress 
monitoring application. Specifically, 
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this arrangement is well-suited for 
implementing an intelligent 212A or 
V.22 modem. The modem can be 
designed to be either stand-alone with 
RS-232 interface to DTE or integrated 
into a computer with a parallel bus 
interface. It is assumed thata 
controller is available that can control 
the various operating modes of the 
filter, monitor the output of the energy 
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FIGURE 17. CALL PROGRESS MONITORING ALGORITHM 
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BUSY TONE DETECTED 
NO 


Meo BUSY TONE DETECTED 


ead 


m VL7C211 


detector and ring indicator and control 
the switch-hook relay in the data — 


access arrangement. This appli-cation 


illustrates how the modem filter can be 
used with a minimum of external 
circuitry to implement a fully auto- 
matic call establishment procedure. 


Table 2 summarizes various call 
progress tone frequencies and their 
cadences. A call progress monitoring 
algorithm based on timing and cadence 
characteristics is described in the flow 
chart of figure 17. 


DETECTION ALOGRITHM | 
Figure 17 shows the flowchart of a 
detection algorithm that utilizes the 
features provided in the VL7C211 filter 
and that uses the cadence information 
contained in the call progress tones to 
determine the status of the line. The 
main criterion in this algorithm was the 
degree of reliability it provides, rather 


than the speed with which it executes. — 
For instance, dial tone is detected only — 


when the output of the tone detector 
iscontinuously HIGH for at least 
onesecond. = | 

If a dial tone is not detected within five 


seconds of going off-hook, the call is 
aborted. Many dialers do not wait for 


- the initial dial tone and begin dialing as 
soon as going off-hook. This is termed 


blind dialing and is avoided in this 
algorithm. : . 
Once the dial tone is detected, the first 
digit is dialed using the tone mode. 
Provision is made to check the 
absence of the dial tone after the first 
digit is dialed. If dial tone remains on 
the line, the controller can either hang 
up the line or try to dial using rotary 
pulse dialing. If a dial tone is absent, 
the rest of the digits can be pulse 
dialed. 


The algorithm waits for one second 
after dialing is done to monitor the 
energy detector. This ensures that 
any Clicks on the line donot cause a | 
false detection. The ALB pin of the 
filter is then toggled at a 100 
millisecond rate and the energy 


detector output is sampled to see if 


there is energy in the call progress. 


‘band. A five second timer is started 
_and the number of transitions of the ED 


output is counted (N). The cumulative 
duration in which the ED output is in 
the HIGH state is also measured (T). 


The algorithm makes a determination 
of various conditions based on N and 
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T. The line is determined to be busy if 
N exceeds 7. If Nis less than 7 and T 
is in the range of 0.7 - 3.8 seconds, the 
signal is determined to be audible 
ringing. The controller can then count 
the ring cycles or start atimer. It can 


_ choose to hang up if the timer 


overflows or if the number of ring 
cycles exceeds a preset value. Any 
other value of N or T is classified as 
unknown response and is left to the 
controller to take the next action. 


If energy is detected in the high band, 
the ED output is monitored to see if it is 
continuously HIGH for at least one 


. second. If so, this is interpreted as 


the distant modem answer tone, 
indicating that the connection is made. 
lf not, it indicates either silence or 
voice. In either case, the controller 
can terminate the call and take the 
next step. Minor variations of this 
algorithm or-fine tuning of the decision 


values can provide the designer with 


the flexibility needed to deal with 
different situations. It should be 
emphasized that the algorithm does 
not stand alone and must be integrated 
into the application software for 
satisfactory performance. 


VL7C212A 


300/1200 BIT PER SECOND MODEM 


FEATURES 
¢ FSK and PSK modulators and 
demodulators, high-band and low- 


band filters with compromise 
amplitude and group delay equalizers 


* Built-in call progress mode and tone 
generators for DTMF and V.22 


guard tones 


* Bell 212A and CCITT V.22 compat- 
ible; V.22 notch filters included 


* Serial control interface 
¢ Programmable audio output port 


* Analog, digital and remote digital 
loopback capabilities 


* 24 pin DIP and Plastic Leaded Chip 
Carrier packaging available 


PIN DIAGRAM 
VL7C212A 


1 
2 
3 
4 
5 
6 
7 
8 
9 


BENEFITS 


* High level of integration provides 
highly cost effective 300/1200 bit per 


second modems 


* Eliminates external components 
easing design of intelligent modems 


¢ Usable in North American and Euro- 
pean modem designs 


* Simple board layout 


* Simple speaker interface for monit- 
oring phone line 


* Testable signal path 
¢ Reduced board area 


GENERAL DESCRIPTION 
The VL7C212A is a complete 300/1200 


bit per second modem. All of the signal 
processing functions needed for a full 
duplex, 300/1200 bit per second 212A 
or V.22 modem, including the FSK and 
PSK modulators and demodulators and 
the high-band and low-band filters, are 
integrated on asingle chip. Built with 
VTI's three micron CMOS double 
polysilicon process that allows analog 
and digital functions to be combined on 
the same chip, it includes capabilities 
for progress monitoring and for 
generating DTMF as well as V.22 guard 
tones. The two-to-four wire hybrid is 
also included, simplifying the interface 
toa DAA. The VL7C212A also includes 
analog loopback and remote digital ’ 
loopback functions for self-testing. 


FIGURE 1.BLOCK DIAGRAM 
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ORDER INFORMATION 
Nun a 
Number Package 
VL7C212A-PC Plastic DIP roe GUARD 
VL7C212A-QC. Plastic Leaded GENERATOR 
Chip Carrier (PLCC) 
eee ae vcc VSS AGND DGND 
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| 7 Hs vi70212A 
FIGURE 2. WAVEFORMS FOR WRITE AND READ CYCLES 
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DC CHARACTERISTICS 


Symbol Parameter 
VCC | Positive Supply Voltage 
VSS Negative Supply Voltage 
ICC Quiescent Current 
ISS Quiescent Current 
Vin HIGH Level Input Voltage | Digital Signal Pins: RD, WR, D /O, 
SCK,TXCK1,TXD 
Vil LOW Level Input Voltage Digital Signal Pins: RD, WR, D I/O 
SCK, TXCK1, TXD 
Voh HIGH Level Output Voltage (DS Pins: D 1/0, CKOUT , @loh=40uA 
RXD, TXCKO, RXCk) @loh= SOOHA 
Vol ‘LOW Level Output Voltage | (DS Pins:D/O, CKOUT, @lol=160uA 
RXD, TXCKO, RXCk) 
Vom Maximum Output Signal TXout, RL=1200Q (TLC1=1, TLCO=0) 
Audio Out, RL=50 kQ 
Vim | Maximum Input Signal 
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NO 
(-) 


a of | Es 
(on) (=) 


4.0 
2.0 


ABSOLUTE MAXIMUM 
RATINGS 


Ambient Temperature Under Bias: 
-10°C to +80°C 
Storage Temperature Range: 
-65°C to +140°C 
Maximum Supply Voltage: 
VCC = +7.0V 
VSS = -7.0V 
Input Voltage Range: 
Analog Pins; VSS-0.6V to 
VCC+0.6V 
Digital Pins; DGND-0.6V to 
VCC+0.6V 
Maximum Power Dissipation @25°C: 


S0OmW 


Stresses above those listed under 
"Absolute Maximum Ratings” may cause 
permanent damage to the device. These 
are stress ratings only. Functional Oper- 
ation of this device at these or any other 
conditions above those indicated on the 
operational sections of this specifica- 
tion is not implied and exposure to abso- 
lute maximum rating conditions for ext- 
ended periods may effect device 
reliability. 


TA= 0°C to +70°C, VCC= 5V 15%, VSS= OV, unless otherwise specified 
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DESCRIPTION 
(Continued) 


With the addition of a digital controller, 
such as an 8-bit microcontroller and a 
data access arrangement (DAA), a 
highly cost effective, integrated, 
intelligent modem can be built. When 
used with the VTI VL7C213A modem 
controller, which is an 8-bit processor 
combined with a UART, a compiete 
Hayes command set compatible modem 
can be configured, taking up a minimum 
of board area. For stand-alone 
applications, the VL7C212A modem, the 
VL7C213 controller, a DAA and an 
RS232-interface are all that are 
required. 


The VL7C212A is truly a modem ona 
chip. All of the signal processing 
functions needed for a full duplex, 
300/1200 bps Bell 212A or CCITT V.22 
modem are integrated on a single chip. 
It operates in a synchronous or 
asynchronous mode and handles 8, 9, 
10, or 11 bit words. 


Like all modems, the VL7C212A needs a 
controller to determine the mode of 
operation, initiate the call to the remote 
modem (either pulse or tone dialing), set 
up the handshaking sequence with the 
remote modem, monitor the call 
progress tones on the line (ringing, 

busy, answer tone and voice) and 

switch into the data mode. A simple four- 
line serial data interface was designed 
for the VL7C212A, enabling it to work 
with just about any 8-bit microcontroller 
or microprocessor. The control lines 

are: DATA INPUT/OUTPUT, SHIFT 
CLOCK, READ and WRITE. 


FUNCTIONAL 
DESCRIPTION OF THE 


VL7C212A MODEM 
Major sections of the VL7C212A modem 


are a transmitter, a receiver, low-band 
and high-band filters, a two-to-four wire 
hybrid, tone generators and interface 
logic. It also contains an energy 
detector that's used for detecting the 
carrier and call progress monitoring and 
an audio output for monitoring the line. 


The VL7C212A modem requires plus and 
minus five volts and is available in a 24 
pin DIP as well as a 28 lead plastic chip 
carrier with "J" leads for surface mount 
applications. The transmitter section 
consists of an async/sync converter, 


scrambler, PSK modulator and FSK 
modulator. In the high speed mode 
(1200 bps), the PSK modulator is 
connected to the filter. In the low speed 
mode (300 bps), the FSK modulator is 
connected to the filter. 


TRANSMITTER 

Since data terminals and computers 
mav not have the timing accuracy 
required for 1200 bps transmission 
(0.01%), timing correction on the 
incoming data stream must be made. 
The async/sync converter accepts 
asynchronous serial data clocked at a 
rate between 1200 Hz + 1%, -2.5%. It 
outputs Serial data at a fixed rate of 
1200 Hz +/- 0.01% derived from the 
master clock oscillator. To compensate 
for the input and output rate differences, 
a stop bit is either deleted or inserted 
when necessary. Ifthe input data rate 
is slower than the output data rate, a 
stop bit is inserted. If the input data rate 
is faster than the output data rate, a 
stop bit is deleted. The output of the 
async/sync converter is applied to the 
scrambler. | 


The scrambler is a 17 bit shift register 
clocked at 1200 Hz. Outputs from the 
14th and 17th stages are exclusive 
OR'd and further exclusive OR'd with the 
input data. The resultant data is 
supplied to the D input of the shift 
register. Outputs from the first two 
stages of the shift register form the dibit 
that is applied to the PSK modulator. 
The purpose of the scrambler is to 
randomize data so that the energy of the 
modulated carrier is spread over the 
band of interest -- either the high-band 
centered at 2400 Hz or the low-band, 
centered at 1200 Hz. A 1200 bps 
modem actually sends two bits at a time, 
called a dibit; dibits are sent at 600 
baud, the actual rate of transmission; 
600 baud is the optimum rate that can be 
transmitted over the general switched 
telephone network for a full duplex FDM 
(frequency division multiplexing) modem 
because band limit filters in the central 
office cut off at about 3000 Hz. 


The dibit applied to the PSK modulator 
produces one of four differential phase 
shifts of the square wave carrier signal 
(1200 Hz or 2400 Hz) at the 600 Hz baud 
rate. The resultant waveform is passed 
through a wave shaping circuit that 
performs a raised cosine function (this 

is the shape factor called out in the 
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CCITT V.22 spec, and it also meets the 
Bell 212A requirement for optimum 
transmission). The wave shaped signal 
is then passed through either the low- 
band or high-band filter depending upon 
originate or answer mode selection. 


For low speed operation the FSK 
modulator is used. It produces one of 
four precision frequencies depending on 
originate cr answer mode anc the 1 
(mark) or 0 (space) level of the transmit 
data. The frequencies are produced 
from the master clock oscillator using 
programmable dividers. The dividers 
respond quickly to data changes, 
introducing negligible bit jitter while 
maintaining phase coherence. The 
output of the FSK modulator is applied to 
the appropriate filter when the low speed 
mode of the operation is selected. 


The filter section consists of low-band 
(1200 Hz) and high-band (2400 Hz) 
filters, half-channel compromise 
amplitude and group delay equalizers for 
both bands, smoothing filters for both 
bands and multiplexers for routing of the 
transmit and receive signals through the 
appropriate band filters . For CCITT 
V.22 applications, a notch filter is 
included that can be programmed for 
either 550 Hz or 1800 Hz. In the call 
progress monitor mode, the low-band 
filter is scaled down by a factor of 2.5 to 
center it over a frequency range of 300 
to 660 Hz. Thus, during call 
establishment in the originate mode, call 
progress tones can be monitored 
through the scaled low-band filter and 
the modem answer tone or voice can be 
monitored through the unscaled high- 
band filter. 


The low-band filter is a 10th order 
switched-capacitor band-pass filter with 
a center frequency of 1200 Hz. Inthe 
originate mode, this filter is used in the 
transmit direction; in the answer mode it 
is used in the receive direction. When 
analog loopback is used in the originate 
mode, this filter, together with the low- 
band delay equalizer, is in the test loop. 
In the Cali Progress Monitoring mode the — 
filter response is scaled down by 2.5, | 
moving the center frequency to 480 Hz. 


The low-band delay equalizer is a 10th 
order switched-capacitor all-pass filter 
that compensates for the group delay 
variation of the low-band filter and half of 
the compromise line characteristics, 
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producing a flat delay response within 
the pass-band. 


The high-band filter is a 10th order 
switched-capacitor band-pass filter with 
a center frequency of 2400 Hz. In the 
answer mode, this filter is used in the 
transmit direction; in the originate mode, 
it is used in the receive direction. When 
analog loopback is used in the answer 
mode, this filter, together with the high- 
band delay equalizer, will be in the test 
loop. 


The high-band delay equalizer is a 10th 
order switched-capacitor all-pass filter 
that compensates for the group delay 
variation of the high-band filter and half 
of the compromise line characteristics, 
producing a flat delay response within 
the pass-band. The transmit smoothing 
filter is a second order low-pass 
switched-capacitor filter that adds the 
modem transmit signal to the DTMF or 
V.22 guard tones. It also provides a 
3dB per step programmable gain 
function to set the output level. 


RECEIVER 

The receiver section consists of an 
energy detector, AGC, PSK 
demodulator, FSK demodulator, 
descrambler, and sync/async 
converter. 


The received signal is routed through 
the appropriate band-pass filter and 
applied to both the energy detector and 
AGC circuit. The energy detector is 
based on a peak detection algorithm. It 
provides a detection within 17 to 24 ms. 
It is set to turn on when the signal 
exceeds -43 dBm and turn off when the 
signal falls below -48 dBm. A2dB 
minimum hysteresis is provided between 
the turn on and turn off levels. 


The AGC circuit is a programmable gain 
amplifier that covers a range of 28 dB in 
seven steps. The gain is controlled by a 
3 bit up/down counter. Output of the ~ 
AGC amplifier is rectified and compared 
with two preset levels corresponding to 
desired high and low limits. Outputs of 
the comparators control the up/down 
counter such that the received signal is 
amplified to the desired level. 


The PSK demodulator uses a coherent 
demodulation technique. Output of the 
AGC amplifier is applied to a dual phase 
splitter that produces an in-phase and 
90 degree out of phase component. 
These components are then 
demodulated to baseband in a mixer 


stage where individual components are 
multiplied by the recovered carrier. The 
baseband components are low-pass 
filtered to produce | and Q channel 
outputs. (In-phase and Quadrature). 
The | and Q channel outputs are 
rectified, summed, and passed through 
a band-pass filter giving a 600 Hz signal. 
This signal is applied to a digital phase 
lock loop (DPLL) to produce a baud rate 
clock. Using the recovered clock 

signal, the | and Q channels are 
sampled to produce the received dibit 
data. The recovered carrier for the 
demodulator is generated by another 
PLL which is controlled by the amplitude 
of the error signal formed by the 
difference of the | and Q outputs. 


The descrambler is similar to the 
scrambler. The received dibit data is 
applied to the D input of a 17 bit shift 
register clocked at 1200 Hz. Outputs 
from the 14th and 17th stages are 
exclusive OR'd and further exclusive 
OR'd with input data to produce received 
data. 


In the asynchronous mode, data from 
the descrambler is applied to the 
sync/async converter to reconstruct 
the originally transmitted asynchronous 
data. For data which had stop bits 
deleted at the transmitter (overspeed 
data), these stop bits are reinserted. 
Underspeed data is passed essentially 
unchanged. Output of the sync/async 
converter along with the output of the 
FSK demodulator is applied to a 
multiplexer. The multiplexer selects the 
appropriate output, depending on the 
operating speed, and outputs received 
data on the RXD pin. 


For low speed operation, the FSK 
demodulator is used. The output of the 
AGC amplifier is passed through a zero 
crossing detector and applied to a 
counter that is reset on zero crossings. 
The counter is designed to cycle ata 
rate four times faster than the carrier 
signal. The counter output is low-pass 
filtered and hard limited to generate FSK 
data. 


HYBIRD 

The signal on the phone line is the sum 
of the transmit and receive signals. The 
hybrid subtracts the transmitted signal 
from the signal on the line to form the 
received signal. It is important to match 
the hybrid impedance as closely as 
possible to the telephone line to produce 
only the received signal. This matching 


provided by an external resistor 
connected between the RXA1 and RXA2 
pins on the VL7C212A. The filter 
section provides sufficient attenuation 

of the out of band signals to eliminate 
leftover transmit signals from the 
received signal. The hybrid also acts as 
a first order low-pass antialiasing filter. 


TONE GENERATOR 

The tone generator section consists of a 
DTMF generator and a V.22 guard tone 
generator. The DTMF generator 
produces all of the tones corresponding 
to digits 0 through 9 and * and # keys. 
The V.22 guard tone generator produces 
either 550 Hz or 1800 Hz. Selection of 
either the 550 Hz or 1800 Hz tone will 
cascade the corresponding notch filter 
with the low-band filter. The tones are 
selected by applying appropriate codes 
through the Data I/O pin. Before a tone 
can be generated, tone mode must be 
selected. Facility is also provided to 
generate single tones corresponding to 
the individual rows or column of the 
DTMF signal. 


AUDIO OUTPUT STAGE 

A programmable attenuator that can 
drive a load impedance of 50 K ohms is 
provided to allow monitoring of the 
received line signal through an external 
speaker. The attenuator is connected 
to the output of the hybrid. Four levels 
of attenuation -- no attenuation, 6 dB 
attenuation, 12 dB attenuation and 
squelch are provided through the ALC1, 
ALCO and audio output level control 
codes. Output of the attenuator is 
available on the audio output pin where 
an external audio amplifier (LM386 type) 
can be connected to drive a low 
impedance speaker. The output can 
directly drive a high impedance 
transducer, but the volume level will be 
low. 


Functional Description: 
VL7C213 & VL7C214 Controllers 
The VL7C213 modem controller, 
implemented in VTI's two micron CMOS 
process, was designed specifically to 
handle all of the modem control 
functions, as well as the interface toa 
system bus. Besides including an 8-bit 
microprocessor, 8K by 8 bytes of ROM, 
and 128 by 8 bytes of RAM, it also 
contains the functionality of a VL82C50 
UART, greatly simplifying the interface 
to a parallel system bus, such as the 
one used in IBM's PC. In fact, a 
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complete, Hayes compatible modem for 
the PC consists of the VL7C213 
controller, the VL7C212A modem and 
the DAA. All of the popular 
communications software written for the 
PC will work with the VL7C212A/ 
VL7C213 set. 


Another version of the controller, the 
VL7C214, is intended for RS-232 
appiications. it contains the same 
processor, memory, and UART as the 
VL7C213 and has the same interface to 
the modem chip. The difference is that 
the UART is turned around so that serial 
data from the RS-232 port is converted 
to parallel data handled by the internal 
processor. Pins are provided for 
connecting the familiar switches and 
indicator lamps found on most stand- 
alone modems, although the switches 
and lamps are not needed for operation - 
- all of the switch settings can be done 
through software. 


The VL7C214 provides a standard five 
volt logic level interface -- RS-232 
drivers are required to interface to the 
port. Like the VL7C213, the VL7C214 
comes preprogrammed with the Hayes 
"AT" command set, and when used with 
the VL7C212A modem, emulates a 
Hayes-type stand-alone modem. The 
VL7C213 and VL7C212A emulate a 


Hayes-type IBM PC plug-in card modem. 


But the chip set is by no means limited 
to implementing a Hayes-type smart 
modem. VTIis in the custom IC 
business and both chips were designed 
with this in mind. For example, only 
about 6K bytes of the VL7C213's ROM 
is used for the handshaking and smart 
modem code, leaving 2K bytes for 
additional features that a customer may 
specify. And since the controller is 
ROM programmable, any command set, 
not just the Hayes "AT" set, can be 
implemented. 


Both the VL7C213 and VL7C214 require 
plus five volts and are available in either 
a 28 pin DIP or a 28 lead plastic chip 
carrier with "J" leads for surface mount 
applications. Besides the four-line 
interface for the VL7C212A modem, the 
VL7C213 controller has an 8-bit data 
port, three address lines, a chip select 
input, an interrupt line, and the DOST 
and DIST control lines found in the 
8250B UART. It also has control lines 
for ring indication, the off-hook relay and 
a data/voice relay; these three lines 
connect to the DAA. 


In the VL7C214, the 8-bit port becomes 
the switch input lines and the address, 
chip select, DIST and DOST lines 
become the six lines for the RS-232 
interface. These six lines are also used 
to drive the LEDs. Internally, all of 
these lines are treated as programmable 
I/O ports under software control -- so 
the main difference between the 
VL7C213 and VL7C214 is the ROM 
code. It also contains the same modem 
and DAA interface lines as the 
VL7C213. 


The VL7C213 and VL7C214 are truly 
ASIC controllers -- they are designed to 
control a modem or other peripheral that 
operates at a moderately slow data rate 
up to 1200 bits per second. What's 
unique about the VL7C213, for example 
is that it allows a slow peripheral to 
interface to a high speed bus, without 
making the main processor slow down. 


This is done through the UART interface 
and the on-chip registers which look 
somewhat like dual port registers. The 
main processor can write to and read 
from them at will, while the on-chip 
controller can do the same. The 
controller was designed this way 
because most communications software 
has to have unrestrained access to the 
UART registers. To make the VL7C213 
compatible with this software, the 
registers were included. 


The internal processor monitors the © 
registers to determine the mode of 
operation -- command mode or data 
mode; at power-up it is automatically put 
in the command mode and it looks for 
instructions. Once carrier is detected, it 
goes into the data mode, and stays 
there until escape sequence is three + 
Signs -- +++ -- in the default mode, but it 
can be changed in software. 


The actual processor contains an 8-bit 
data path and can execute 19 
instructions with five different 
addressing modes: direct, indirect, 
immediate, register direct, and register 
indirect. There is 8K by 8 of ROM on- 
chip for program storage. 


To the system bus, the VL7C213 looks 
and acts just like a VL82C50 UART. All 
of the communications software written 
for this UART will work with the VL7C213 
and VL7C214. The VTI chip set is truly a 
Hayes-type modem in two chips. 
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THE VL7C212A & 
VL7C213/VL7C214 SYSTEM 
The only external components required 
by the VL7C212A are the 600 ohm line 
matching resistor, a 7.3728 MHz crystal - 
- a standard frequency -- and a 20 pf 
capacitor from each leg of the crystal to 
ground. That's all! If it is desired to drive 
a speaker to monitor the line, an 
amplifier like the LM386 can be added, 
out the output provided an the 
VL7C212A can directly drive a high 
impedance (50 K ohm) earphone-type 
transducer. 


The VL7C213 modem controller's clock 
in line is driven by the VL7C212A's clock 
out line, so only one crystal is needed. 
The VL7C213 interfaces directly to an 
IBM PC bus -- no buffers are required. 
The only external parts may be an eight 
input NAND gate for COM1 and COM2 
decoding inside the PC. 


For tone dialing, the controller sends a 
code to the modem chip which in turns 
puts out the called for DTMF tone on the 
line via the on-chip DTMF generator. For 
pulse dialing, the controller pulses the 
OH (off-hook) relay. Both dialing modes 
work with the built-in call progress 
algorithm so they won't start dialing until 
a dial tone is detected. 


All modems require a DAA. A DAA or 
data access arrangement is a piece of 
equipment required by the FCC to 
connect anything to the general 
switched telephone network. It consists 
of an isolation transformer, typically 600 
ohms to 600 ohms; a relay for 
disconnecting the modem from the line; 
a ring detector, typically an opto- 
isolator; and high voltage surge 
protectors. The DAA has to be FCC 
registered and this can be done by any 
of many consultants and labs around 
the country. The fee is typically $2,000 
and it takes several months. Another 
alternative is to buy a DAA, supplied by 
several manufacturers. | 


212A is a Bell specification that calls for 
1200 bit per second, full or half duplex 
data transmission with a fallback mode 
of 300 baud (Bell 103). Itis not 1200 
baud; the spec calls for transmission of 
dibits -- 2 bits per baud so the 1200 bps 
transmission takes place at 600 baud. 
The same is true for V.22 -- it's 1200 bps 
or 600 baud. V.22 does not call fora 
300 baud fallback; there is a CCITT 
standard for 300 and that's V.21. Itis 
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not a required fallback for V.22 and it is 
not included in the VL7C212A. | 


V.22 also calls for guard tones to be 
sent along with the data. In most of ~ 
Europe the tone is 1800 Hz except in — 
Sweden where 550 Hz is used. The 
VL7C212A modem has the 550 Hz and 


1800 Hz tone generators built in as well | 


as the 550 and 1800 Hz notch filter to 
remove the guard tone when in the 
receive mode. 


All modems require a hybrid. Hybrid is a 
term used to describe a circuit, passive 
or active, that takes the separate 
transmit and receive signals and 
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PIN/FUNCTION ae 
DESCRIPTIONS 
14 TXD Transmit data. Data on this input is modulated 
by the modem and output on TXout pin. A logic ; , | 
low is space and a logic high is mark. 20 XTAL1 
: : a 21 XTAL 
13 RXD Receive data. The modem demodulates the | 
received carrier and outputs data on this pin. A 
logic low level is space and a logic high level is 23 CKOUT 
mark. The controller can force the demodulator 
output to the mark state by sending the code 02. 
2 TXCKO 
DWVO_ . Datal/Opin. Daia is shifted in serially wnen WR 
is low on rising edges of SCK clock. Data is 
transferred to a latch when WR goes high. Up to 3 TXCK1 
seven data bits can be sent. Input codes are 
_ defined in table 1. Data is read from the modem 
~. serially when RD is low, on rising edges of SCK . 
- Clock. Up to four data bits can be read. Output 6 RXCK 
codes are defined in table 1. 
18 WR Strobe output from the controller for shifting data 
to the modem. ? 24 VCC 
17 RD Strobe output from the controller for serially 12 VSS 
- reading data from the modem. 
. | 22 DGND 
16 SCK Serial shift clock is applied to this pin. Itis 7 : 
~ normally high until data is sent to, or read from, : 1 AGND 
the modem. 7 : 
4 TEST1 
11. TXout Transmit data carrier output. 5  TEST2 
9 RXA1_ Received data carriers. 8 NC 
10 RXA2 19 NC 
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combines them to go over the phone 
line. In the VL7C212A, this is done with 
op amps, but the separate signals - : 
- TXout and RXA2 -- are also brought out 
so an external hybrid can be used, if — 
desired. The combined signal comes | 
out on the RXA1 pin and a matching 
resistor -- typicaily 600 ohms -- is 
connected between RXA1 and RXA2. 


Output of the hybrid is passed through a 
programmable attenuator and brought outon | 


_ this pin. Four leveis of received signal can be 


programmed using the control codes listed in 
Table 1. 


Pins for connecting a 7.3728 MHz crystal. An 
external clock signal can be applied to the 
XTAL1 pin. 


- Buffered crystal oscillator signal is output on | 


this pin. It can drive one LS TTL load. 


Transmitter clock output. In high speed, 


synchronous, internal mode, this output 
supplies a 1200 Hz clock to the DTE. 


In high speed, synchronous external mode 
this pin is an input for receiving a 1200 Hz 
clock from the DTE. 

Receiver clock output. In high speed, 
synchronous, external mode, the modem 
supplies a 1200 Hz clock on this output. 

+ 5V power supply. 


- 5V power supply. : 


_ Digital ground. 


Analog ground. 


Used by VTI for testing. Make no connection 


to these pins -- they must be left floating. 


No connect. No internal connection is made 
to these pins and they may be left floating. 


TABLE 1. DEFINITION OF I/O CODES 


1. Instructions to the modem IC 


Data on the D I/O pin is shifted into the modem when WR is low, on rising edges of the SCK clock. Data is transferred 
into a latch when WR goes high. (See Figure 2 for write cycle waveforms.) Up to seven data bits (DO--D6) can be sent 
to the device. These bits control the operating modes of the modem as show below: 


D671 D5 D4 % D3--D0 Mode/Function 


Non Tone Mode: 

Reset (set default values) 

Tone On/Off 

Force Receive Data to Mark Off/On 

TLCO Transmit Level Control Bit 0 (default 0) 
TLC1 Transmit Level Control Bit 1 (default 0) 
TX — Transmitter On/Off 

ALB Analog Loopback On/Off 

CPM _ Call Progress Monitor Mode On/Off 
Connection Indicator (Cl) On/Off 

ALCO Audio Output Level Control Bit 0 (default 0) 
ALC1 Audio Output Level Control Bit 1 (default 0) 
WLSO Word Length Select 0 (default 0) 
WLS1 Word Length Select 1 (default 1) 
Sync/Async 

LS/HS: Low Speed/High Speed 

A/O: Answer/Originate 

Transmit Mark On/Off 

Transmit Space On/Off 

Scrambler Disable On/Off 

DLB Digital Loopback On/Off | 
TXDP Transmit Dotting Pattern On/Off 


a oa ola ololo no lololololonokonono) 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
0 
1 

2 
3 
4 
5 
6 
7 
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Locked/internal 
External/Slave 
V.22 2100 Hz Tone On/Off. Must select low speed of 
mode for operation 
Tone Mode: 

1 41/0 0 0 Dial O 

1 41/0 0 1 Dial 1 

1 4§ 1/0 0 2 Dial 2 

1 41/0 0 3 Dial 3 

1 4§1/0 0 4 Dial 4 

1 41/0 0 5 Dial 5 

1 71/0 0 6 Dial 6 

1 §1/0 0 7. Dial 7 

1 41/0 0 8 Dial 8 

1 91/0 0 9 Dial 9 

1 41/0 0 A Dial * 

1 41/0 0 B Dial # 

1 §1/0 0 C Output 550 Hz and Insert 550 Hz Notch in Low-Band 
Filter 

1 41/0 0 D Output 1800 Hz and Insert 1800 Hz Notch inLow-Band 
Filter 

1 1/0 0 E Row Disable On/Off 

1 1/0 0 F Column Disable On/Off 
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TABLE 1. DEFINITION OF I/O CODES (continued) 


Word Length 


8 Bité 


10 Bits (defaul 
11 Bits 


Transmitter Output Level. (dBm) at the Phone Line 


-12 (default) 
- 9 
- 8 

0 


Audio Output Level 
Output Off (default) 
12 dB Attenuatiog 

6 dB Attenuatiofi 

No Attenuation 


2. Information from the Modem IC 


Data is read serially from the modem when RD is low, on rising edges of the SCK clock. (See Figure 1 for read cycle 
waveforms.) Up to four data bits (DO--D3) can be read as defined below: 


DO Energy Detect 0 - No Energy 1 - Energy Present 


In the CPM mode, the energy detector is connected to the output of the high band filter, if ALB is off, or the scaled low- 
band filter, if ALB is on. . | 


D1 Received Data (FSK) 1 - Mark 0 - Space 
D2 Received Data (PSK) — 1 - Mark 0 - Space 
D3 Unscrambled Mark 1 - Detected 0 - Not Detected 
Notes: 


1) Default values for the operating modes on power up are those shown to the right of the "/" unless otherwise — 
specified. 


2) Data is shifted in and out of the modem with LSB first. 
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T1 INTERFACE 


FEATURES 
¢ Supports T1, T1C and CEPT data rates 


- AMI, B8ZS, HDB3 coding 


¢ Full implementation of CCITT recomm- 
endations G.703, G.732, G.733 & Bell 
Technical Advisories on clear channel 
and extended framing format 


« Compatible with: 
— MTEL TDMA 10xx 
-SDSI 
— LITEL TAS 
— T1 Video Teleconference 
Equipment 
¢ On-chip voltage comparators and AGC 
+ Input frequency memory 
+ Jitter smoothing FIFO 
« Loop control feedback 
* Error detection & flagging 
- Self test provision 
* Microprocessor compatible interface 
« Low power CMOS technology 


DESCRIPTION 

The VL80C75 is a general purpose PCM 
Line Interface circuit. It is designed to 
support the bipolar interface of T1 

(1.544 Mbps), T1C (3.152M bps), or 
CEPT (2.048 Mbps) specifications. It is 
capable of sending (coding) and 
receiving (decoding) AMI, B8ZS or HDB3 
data formats with appropriate error 
correction. 


The incorporation of on-chip voltage 
reference levels and comparators, 
allow the device decoder section to 
accept incoming ternary/bipolar data 
directly. Sensitivity is optimized by 
monitoring the level and waveform of the 
incoming bipolar signal. 

An injection locking divider permits 
clock recovery from the incoming serial 
data stream. A 32-bit long FIFO (elastic 
buffer) may be used in either the 
decoder or the encoder path to smooth 


clock jitter. Status information is 
provided to facilitate the control of an 
external VCO. 


The VL80C75 will indicate the presence 
of bipolar violation in the input data as 
well as a FIFO underflow/overflow. 


Interfacing to the external bipolar line 
output circuits is facilitated by the 
provision of 50% duty cycle drive 
pulses. The system interface is micro- 
processor compatible. The T1 interface 
internal registers may be accessed by 
either a serial or parallel interface. 


System test is assisted by the 

provision of a loopback feature which 
operates in both directions. 

The VL80C75 is fabricated in a double 
metal, n well, 2 micron silicon gate 
CMOS process and is housed in a 28 pin 
DIP or ceramic package. 


PIN DIAGRAM 
VL80C75 


BDILJ 1 28L_] VDD 
AGCNL J 2 27LJ STRAP 
AGCPLI3 261} CLKI 

IMARKP LJ 4 25] DI 


IMARKN Lj 5 


SCC/DA1 LJ 11 
SSP/DA2 LJ] 12 
SCS/DA3L] 13 

VSS LJ 14 


ORDER INFORMATION 


Part 
Number 
VL80C75 - PC 
VL80C75 - CC 


Package 


Plastic DIP 
Ceramic DIP 


BLOCK DIAGRAM 


DI OMKP 


OMKN 


CLKI 


DOUT 


: +MARK 
BDI | REG | 
- MARK [__. 
REG | 
AGCN 
- BIAS 


REFCLK 


DIVIDE | 
BY8 
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SECTION 8 

SALES OFFICES, 
DESIGN CENTERS, 
AND 
DISTRIBUTORS 


Application Specific 
Logic Products Division 


EO VLSI TECHNOLOGY, INC. 


VLSI! OFFICES 


CORPORATE HEADQUARTERS « VLSI Technology, Inc. « 1109 McKay Drive e San Jose, CA 95131 « 408-434-3100 
APPLICATION SPECIFIC LOGIC AND GOVERNMENT PRODUCTS « VLSI Technology, Inc. « 10220 South 51st Street 
Phoenix, AZ 85044 « 602-893-8574/VLSI 


VLSI SALES OFFICES AND DESIGN CENTERS 


BOSTON 

261 Ballardvale St. 
Wilmington, MA 01887 
617-658-9501/9502 
FAX 617-657-6420 


CHICAGO 

1350 Remington Rd., Stes. A-B 
Schaumburg, IL 60195 
312-310-9595 

FAX 312-310-9632 


DALLAS 

850 E. Arapaho Rd., Ste. 270 
Richardson, TX 75081 
214-231-6716 

FAX 214-669-1413 


PRINCETON 

101 Morgan Lane, Ste. 380 
Plainsboro, NJ 08536 
609-799-5700 

FAX 609-799-5720 


SAN JOSE 

2235 Qume Dr. 

San Jose, CA 95131 

408-434-3000 

FAX 408-263-2511 

TELEX 278807 

MAIL 1109 McKay Dr. 
San Jose, CA 95131 


SANTA ANA 

1751 E. Garry Ave., Ste. A 
Santa Ana, CA 92705 
714-250-4900 

FAX 714-250-9041 


EUROPE 


GERMANY 
Rosenkavalierpiatz 10 
D-8000 Munich 81 

West Germany 
49-89-926905-0 

TELEX S21 4279-VL Sin 
FAX 49-89-92690545 


VLSI SALES OFFICES 


ATLANTA 

3020 Holcomb Bridge Rd., Ste. 110 
Norcross, GA 30071 

404-446-1326 


BALTIMORE 

P.O. Box 289 

124 Maryland, Rte. 3N. 
Millersville, MD 21108 
301-987-8777 


FORT LAUDERDALE 

2200 Park Central N., Ste. 600 
Pompano Beach, FL 33064 
305-971-0404 

FAX 305-971-2086 


LOS ANGELES 

225 W. Broadway, Ste. 500 
Glendale, CA 91204 
818-995-2404 


MINNEAPOLIS 

5871 Cedar Lake Rd., Ste. 9 
St. Louis Park, MN 55416 
612-545-1490 


PHILADELPHIA 

5 Great Valley Pkwy., Ste. 221 
Malvern, PA 19335 
215-648-3946 


PHOENIX 

10220 S. 51st St. 
Phoenix, AZ 85044 
602-893-8574 

FAX 602-893-0896 


PORTLAND 

10300 S.W. Greenburg Rd., Ste. 470 
Portland, OR 97223 

503-244-9882 

FAX 503-244-9880 


TAMPA 

1345 S. Missouri Ave., Ste. 205 
Clearwater, FL 33516 
813-443-5797 


EUROPE 


ENGLAND 

Midsummer House 

Midsummer Bivd. 

Central Milton Keynes, MK9 3BN 
England 

44-908-667595 

TELEX 825135 VLSIUKG 

FAX 44-908-670027 


FRANCE 

2, Allee du 10, Rue Ambroise Croizai 
91120 Palaiseau-France 
33-1-64470479 

TELEX 600759F 

FAX 33-1-644704870 


VLSI SALES REPRESENTATIVES 


ALABAMA 


ELECTRONIC MFGS’. AGENTS 
Huntsville, 205-830-4030 
TWX 810-726-2110 


ARIZONA 

SYSTEM SALES 
Tempe, 602-829-9338 
TELEX 296966 

FAX 602-966-1654 
CALIFORNIA 
BESTRONICS 

San Diego, 619-693-1111 


JONES AND MCGEOY SALES 
Santa Ana, 714-547-6466 
TELEX 62931369 

EMERGING TECHNOLOGY 
Santa Clara, 408-727-1771 
TELEX 757199 

EMERGING TECHNOLOGY 
Orangevale, 916-961-8941 


COLORADO 


LUSCOMBE ENGINEERING 
Boulder, 303-772-3342 


CONNECTICUT 


NEW ENGLAND TECH. SALES 
Meriden, 203-237-8827 


GEORGIA 


ELECTRONIC MFGS’. AGENTS 
Roswell, 404-992-7240 


ILLINOIS 


PHASE I! MARKETING 
Schaumburg, 312-303-5092 . 


MARYLAND 
ADVANCED TECH. SALES 
Linthicum, 301-789-9360 
MICHIGAN 

LEADING EDGE SALES 
Plymouth, 313-420-3344 
NEW MEXICO 


SYSTEM SALES OF ARIZONA 
Albuquerque, 505-242-7998 
FAX 505-242-8096 


NEW YORK 


L-MAR ASSOC. 
Ithica, 607-257-5712 


L-MAR ASSOC. 
Rochester, 716-323-1000 
TWX 510-253-0942 


L-MAR ASSOC. 
E. Syracuse, 315-437-7779 


TRI-TEK ASSOCIATES 

New Hyde Park, 516-747-8851 
NORTH CAROLINA 
ELECTRONIC MFGS’. AGENTS 
Charlotte, 704-365-0547 
ELECTRONIC MFGS’. AGENTS 
Raleigh, 919-846-6888 

OHIO 

SAI MARKETING CORP. 
Columbus, 614-876-8650 

SAI MARKETING CORP. 
Dayton, 513-435-3181 

FAX 513-435-3760 


SAI MARKETING CORP. 
Shaker Heights, 216-751-3633 
TWX 810-421-8289 


OKLAHOMA 


LOGIC 1 SALES 
Tulsa, 918-494-0765 


OREGON 


MICRO SALES 
Aloha, 503-642-1818 
TWX 910-464-5133 


PENNSYLVANIA 
OMNI SALES 

Erdenhein, 215-233-4600 
TWX 510-661-9170 
TEXAS 

LOGIC 1 SALES 

Austin, 512-459-1297 
TWX 910-874-1395 

FAX 512-459-1712 


LOGIC 1 SALES 
Houston, 713-981-0233 


LOGIC 1 SALES 
Richardson, 214-234-0765 
FAX 214-669-3042 

TELEX 510-600-8285 
LOGIC 1 SALES 

Fort Worth, 817-336-2192 


WASHINGTON 
MICRO SALES 
Bellevue, 206-451-0568 
WISCONSIN 


PHASE || MARKETING 
Wisconsin, 414-272-1171 


CANADA 


bbd ELECTRONICS, INC. 
Mississauga, Ontario 
416-821-7800 

TELEX 06-218523 

bbd ELECTRONICS, INC. 
Ottawa, Ontario 
613-729-0023 

bbd ELECTRONICS, INC. 
Pointe Claire, Quebec 
514-697-0804 


ARROW ELECTRONICS, INC. ARROW INT'L. TWX 510-224-6021 


ALABAMA 
Huntsville, 205-837-6955 


ARIZONA 
Phoenix, 602-968-4800 


CALIFORNIA 

Los Angeles, 818-701-7500 
Orange County, 714-838-5422 
San Diego, 619-565-4800 
San Francisco, 415-745-6600 


COLORADO 
Denver, 303-696-1111 


CONNECTICUT 
Wailingford, 203-265-7741 


FLORIDA 

Clearwater, 813-576-8995 

Fort Lauderdale, 305-429-8200 
Melbourne, 305-725-1480 


GEORGIA 

Atlanta, 404-449-8252 
ILLINOIS 

Chicago, 312-397-3440 
INDIANA 

Indianapolis, 317-243-9353 
1OWA 

Cedar Rapids, 319-395-7230 
MARYLAND 

Baltimore, 301-995-0003 
MASSACHUSETTS 
Boston, 617-933-8130 


MICHIGAN 
Detroit, 313-971-8220 
Grand Rapids, 616-243-0912 


MINNESOTA 
Minneapolis, 612-830-1800 


MISSOURI 
St. Louis, 314-567-6888 


NEW HAMPSHIRE 
Manchester, 603-668-6968 


NEW JERSEY 

Fairfield, 201-575-5300 
Marlton, 609-596-8000 
NEW MEXICO 
Albuquerque, 505-243-4566 


NEW YORK 

Long Isiand, 516-231-1000 
Rochester, 716-427-0300 
Syracuse, 315-652-1000 
NORTH CAROLINA 

Raleigh, 919-876-3132 
Winston-Salem, 919-725-8711 


OHIO 

Cleveland, 216-248-3990 
Columbus, 614-885-8362 
Dayton, 513-435-5563 


OKLAHOMA 
Tulsa, 918-665-7700 


OREGON 

Portland, 503-684-1690 
PENNSYLVANIA 
Philadelphia, 215-928-1800 
Pittsburgh, 412-856-7000 


RHODE ISLAND 
East Providence, 401-431-0980 


TEXAS 

Austin, 512-835-4186 
Dallas, 214-380-6464 
Houston, 713-530-4700 


UTAH 
Salt Lake City, 801-972-0404 


WASHINGTON 
Seattle, 206-643-4800 


WISCONSIN 
Milwaukee, 414-792-0150 


PUERTO RICO 
San Juan, 809-723-6500 


CANADA 

Montreal, 514-735-5511 
Ottawa, 613-226-6903 
Quebec City, 418-687-4231 
Toronto, 416-661-0220 


The information contained in this document has been 
carefully checked and is believed to be reliable; 
however, VLSI shall not be responsible for any loss or 
damage of whatever nature resulting from the use of, 
or reliance upon, the information contained in this 
document. VLSI makes no guarantee or warranty 
concerning the accuracy of such information, 


and this document does not in any way extend 
VLSI's warranty on any product beyond that set 

forth in VLSI's standard terms and conditions of sale. 
VLSI does not guarantee that the use of any 
information contained herein will not infringe upon 
the patent or other rights of third parties, and no 
patent or other license is implied hereby. VLSI 


reserves the right to make changes in the 

product without notification which would render the 
information contained in this document obsolete or 
inaccurate. Please contact VLSI for the latest 
information concerning this product. 
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